AD-A100 347 PENNSYLVANIA HOSPITAL PHILADELPHIA F/6 6/16
RECOVERY FROM FATIGUE,.(U)
MAR 75 F J EVANS: M T ORNE DADA17=71-C=1120

UNCI AGSTFIEN NL




s

’tﬁ-’;“%ﬁ




- Report Number o0

RECOVIERY TROM FATIGUE

Annual Summary Report

Frederick J. Evans and Martin T. Orne
March 1975

(For the period 1 July 1973 to 30 April 1975)

Supported by

U. S. ARMY MEDICAL RESCARCH AND DEVELOPMENT COMMAND

Fort Detrick, Frederick, Maryland 21701
Contract No, DADA 17-71-C-1120

Contributors to the Pennsylvania Hospital
Philadelphia, Pennsylvania 19107
Martin T. Orne, M,D, Ph,D.
Principal Investigator

Approved for public release; distribution unlimited

The findings in this report are not to be construed as
an official Department of the Army position unless so
designated by other authorized documents,

NTIS G®
DIIC Tis
Unannmoys - @
Jioin e

Aecession Tar




N e e RS evarer==-

LINCLASSITIED '
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
t. REPORY NUMBER 2. GOVY ACCESSION NO.[| 3. RECIPIENT'S CATALOG NUMBER
A V‘() v A/&) Y ?
and Sabtitle . TYPE OF REPORT & PERIOD COVERED
4 TITLE (and Subtttte) ANNUAL SUMMARY REP&H"
RECOVERY FROM FATIGUE lesndd 398 A dune 4925
6. PERFORMING ORG. REPORT NUMO!N
7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(s)
FREDERICK J. EVANS AND MARTIN T. ORNE f/;oADA_l?-n-c-nzo
; - ".4.....-. -
9. PERFORMING ORGANIZATION N E-AND ADDRESS 10. PROGRAM . LEMENT, PROJECT TASK
CONTRIBUTORS TO THE|PENNSYLVANIA HOSPITAL/ ‘“‘/‘ & WORK UNIT NUMB E;D
8th and Spruce Streets f
61102A 3M1611028 01 32
Philadelphia, Pennsylvania 19107 ! S 0
11, CONTROLLING OFFICE NAME AND ADDRESS iy 97&:5?& 01‘9’%5

U. S. ARMY MEDICAL RESEARCH AND DEVELOP~ -

MENT CO D ; 5 13. NUMBER OF PAGES
N MMAND, Fort Detrick, Maryland 21701 i plus 151 plus A- 14 (appendix)

| 14. _MONITORING AGENCY nm;—mnzss«t-du:.mcm.cwamou?J 15. SECURITY CLASS. (of thie eeport)
/-‘ ’ ‘ JUNCLASSIFIED
;
. 1Sa. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

'

8. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17, DISTRIBUTION STATEMENT (of the abstract entered In Block 20, If different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WOROS (Continue on reverse alde i1 necessary and identify by block number)

FATIGUE SLEEP EFFICIENCY ALPHA DENSITY
NAPPING PSYCHOPHYSIOLOGY

SLEEP EEG

PERFORMANCE ORAL TEMPERATURE

0. ide ! mecew Identify by block numb
20 ams Wxtﬁe aim o éva(uatlr;t.g"t e ﬁgtén’né"l Oufnr:éppmg for facilitating unim-

paired continuous performance over long periods, four interrelated studies were
carried out: (1) 430 young adults were administered a specially developed ques-
tionnaire to elicit nighttime and daytime sleep patterns. Parametric findings are
reported. (2) Based on questionnaire responses, supplemented by an extensive
interview, individuals typical of three response patterns were selected: (a) re-
placement nappers--those who use daytime sleep to make up for lost nighttime

DD ,;2:“” 473 ED1mow OF 1 NOV 88 1S OBSOLETE UNCLASSIFIED

et
/‘ -y, SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)

[




T UNGIASSIFIED T

SECURITYY CLASSIFICATION OF THIS PAGE(When Dale Kntered)

20.

sleep, (b) appetitive nappers--those who derive psychological benefit from
daytime sleep regardless of fatigue, and (c) confirmed non-nappers--those who
avoid napping because "they feel worse afterwards than before." A subsample
of 33 individuals typical of these three groups took a one-hour afternoon nap
where physiological and psychological parameters were recorded. (3) These
subjects were subsequently reguested to keep a 14-day <leep diary which per-
mitted a more detailed analysis of therelationship between daytime and night-
time sleep. Several interesting and reliable differences between these grou,. s
in the physiological nature of naps and the consequences of napping were
identified. (4) A collaborative study was carried out with the University of
Louisville Performance Research Laboratory to evaluate the effectiveness of
two short-term cognitive measures used in our past research to assess the
restorative effects of napping on performance.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Dete Entered)




ABSTRACT

N
With the aim of evaluating the potential of napping for facilitating

unimpaired continuous performance over long periods, four interrelated
studies were carried out: (1) 430 young adults were administered a spe-
cially developed questionnaire to elicit nighttime and daytime slecp pat-
terns. Parametric findings are reported. (2) Based on questionnaire
responses, supplemented by an extensive interview, individuals typical
of three response patterns werc selected: (a) replacement nappers--those
who use daytime sleep to make up for lost nighttime sleep, (b) appetitive
nappers--those who derive psychological benefit from daytime sleep re-
gardless of fatigue, and (c) confirmed non-nappers--those who avoid nap-
ping because they “feel worse afterwards than before.* A subsample of
33 individuals typical of these three groups took a one-hour afternoon nap
where physiological and psychological parameters were recorded. (3) These
subjects were subsequently requested to keep a 14-~day sleep diary which
permitted a more detailed analysis of the relationship between daytime
and nighttime sleep. Several interesting and reliable differences between
these groups in the physiological nature of naps and the consequences of
napping were identified. (4) A collaborative study was carried out with
the University of Louisville Performance Research Laboratory to evaluate
the effectiveness of two short-term cognitive measures used in our past

research to assess the restorative effects of napping on performance.

Descriptors: Fatigue, Napping, Sleep, Performance, Sleep Efficiency,
Psychophysiology, EEG, Oral Temperature, Alpha Density
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FOREWORD

In conducting the research described in this report
the investigators adhered to the Institutional Guide to
DHEW Policy on Protection of Human Subjects as out.ined
by the National Institute of Mental Health. The Research
Review Committee of the Pennsylvania Hospital evaluates
the protocols of studies being conducted, the type of sub-
jects, method of recruitment, screening process, as well
as the risks, voluntary participation and the manner in
which informed consent is obtained. The procedures were

most recently reviewed and approved on November 27, 1974,
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1. INTRODUCTION
Approximately one-third of our life is spent 1 sleep. Lach
us s familiar vith the feeling of satisfaction that follows a cod g’
slocp as opposed to the enervating experience of increasing tatiu.,
“hooprogressive difficulty of sustaining effory, and the acute disomtooe
triat cventaally rollows from ¢ lack of sleep. Despite the cbvicus
importance slecep has tor man and animal, the known deletericus ffects
ol sleep deprivation, and the apparently obvious relationship betwe on

slevp ano recovery from fatigue, the precise physiological cons o acences

brought about by slecep romain obeoure. Extensive rosearch ool the fast

20 years, stimulated by the observation that slecp is netther @ passive
aor g unitary phenomenon, has produced consticrable informaticn abous
tho process without, however, bringing us much cleser to answering e
aaestion of why sleep is neerded.

Though the need for sleop is ublquitous, the maaner in which
sleep is obtained and the rituals surrounding it rary widely. Suntlarly,
i amouit of sleep required for well being is great:r among the vory
young, stabilizes during the middle years, and declines somewner it ola
age. Though general facts are well established, it is the individual
ditferences in sleep requirements that are of greatest interest.  Many
individuals are able to get along without any difficulty on less than 6

hours of steep a night, whileothers barely manaye with 10, Since these

differences appear unrelated to body welght, sizo or obvious metabolic




processes, it scems likely that,whatever necessary physiological
changes are wrought by sleep,individuals diffcr in the efficiency with
which they are capable of bringing about these changes.

The discovery of speéific sleep stages and the demonstration
that individuals selectively deprived of one stage are unable to replace
their deficit with another stage of sleep also suggests that specific
components of sleep are necessary for effective recovery from fatigue.
Clearly, however, sleep involves more than simply going through physi-
ological stages. Thus,it has been shown repeatedly that patients
suffering from insomnia may in fact have normal amounts of sleep~-even
with an appropriate distribution of stages. Nonetheless, they complain
that they have not slept, or they insist that they do not get enough sleep
and yearn for @ good night's rest. These individuals know what they
mean by a good night's sleep; they only occasionally have this exper-
ience and bemoan the difficulty of getting it more frequently. Clearly,
simply going through the physiological stages of slecp does not neces-
sarilly bring about the rejuvenation which each of us hopes to experience
as we begin each day anew.

Considering tﬁé little we know about the basic reasons why sleep
is required and -he biological changes it is supposed to bring about,
it is hardly surprising that we lack reliable information about basic daily
sleep requirements, the kinds of sleep that are necessary, how the dele-
terious effects of long-term sleep deprivation can be minimized, and the

like. These and many related guestions will lend themselves to ready




resolution only when the biology of sleep is elucidated. In the mean-
while, however, a number of questions of both practical and theoretical

significance about the nature of sleep and its function in rocovering friom

fatigue can nonetheless be addressed. As we have pointed out previously,
all of the work exploring the cffects of sleep deprivation has focused
primarily on the decrement in performance over time. Our interest, on

the other hand, has been in exploring the restorative functions of sleep,
in particular carefully controlled short periods of sleep.

While most individuals prefer periods of sleep extended over
several hours, preferably cduring the nighttime, there is considerable
anecdotal evidence about the effective use of short periods of sleep to
bring about rapid recovery from fatigue,thereby allowing the individual
to carry out difficult and demanding tasks for sustained periods without
sleep of the usual kind. Thomas Edison, for example, thought that his
invention of the light bulb would help eliminate one of mankind's most
extreme forms of overindulgence--nighttime sleep--presumably by doing
away with nighttime darkness! He was known to have worked for extended
periods of time, interrupted only by brief naps. Winston Churchill is
another outstanding example of an individual capable of sustained per-
formance over long periods of time, relying almost exclusively on napping
as a means of recovery from fatigue.

Napping behavior has received remarkably little attention on the

part of sleep researchers. Nonetheless it appears to us as ideally

suited to address the question of how individuals rccover from fatigue.




There are wide individual differences in the tendency to nap and the
extent to which individuals are willing and able to utilize this form of
brief sleep in dealing with fatigue. Furthermore, napping behavior
shows thc greatest promise for making possible sustained performance
without deleterious effects over long periods of time.

More so than nighttime sleep, napping lends itself quit- ceadily
to investigation, and it is possible to study physiological changes
associated with napping as well as the changes in performance and
subjective experience following napping. In many ways we believe that
the study of subjective changes is a crucial and often overlooked approac*
to the investigation of human performance. While under conditions of
extreme deprivation it becomes relatively easy to establish performance
decrements, under most tes* conditions even individuals who arc seri-
ously fatigued, and whose continuous work performance might well bo
impaired, would nonetheless score within their normal range if they are
motivated to carry out a relatively brief test procedure. On the othor
hand, these same individuals are quile capable of accurately rcporting
feelings of fatigue and difficulty in maintaining attention long bef: ro
these experiential  changes reflect themselves as deficits on objoctive
criteria. From our point of view, then, the study of subjective reports
is in part an important extension of performance measures; in part,
however, it is also an important measure in its own right. Thus sub-

jective reports are highly sensitive to changes in factors such as

depression, confusion, anger, fear, and the like, which reflect aspects




of what is generally termed morale. Such changes, even if quite extreme,
are hardly ever reflected 1n the kind of performance measures employed in
the laboratory though they have profound effects on behavior cutside:
oxperimental settings.

The systematic study of the effects of short periods of daytime
sleep on recovery from fatigue makes it possible to examine concurrently
physiological changes, performance changes, and changes in more subtle
subjective terms. It becomes possible to address questions such as the
nature of "a good nap" as opposed to a nap which has not been satisfy-
ing to the individual, to establish what psychophysiological mechanisms
may be responsible for the good nap, and how it helps reduce fatigue.
One important projected line of inquiry is to determine how adequately
individuals who use the nap as @ means of recovery from fatigue arec able
to function continuously without any extended periods of sleep. Further,
it is our intention to identify those individuals who are capable of
utilizing naps cfficiently in order to ascertain what characterizes their
naps as a prelude to the task of training other individuals to nap
cffectively.

The present report will briefly review the limited literature on
napping and then focus upon the major studies carried out during the
past year. Thesc studies are most appropriately divided into four inter-
related but scparate major foci:

1. The further clarification of napping patterns in the normal

population based upon a detailed study of self-reported questionnaires.
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This extension of past research has been crucial to help identify

Rttt b———— bt in noibmaie

specific patterns of napping behavior.

2. The report of a laboratory study involving 33 individuals
selected as "ideal types" of appetitive, replacement, and non-nappers.
In this special sample, physiological changes, subjective changes,
and reaction time changes on awakening are explored.

3. A preliminary study based on extended sleep diaries of the
selected subsample of individuals referred to above to help determine
the function of the nap in the daily life of this population.

4. In view of the importance of appropriate performance tasks '\‘

and the considerable investment of effort by our laboratory to design

appropriate measures of fatigue useful for the present program of x
research, the two tasks we have developed werc compared with the best

available measure of fatigue--continuous work performance.

The Study of Napping .

The major thrust of our ongoing work has been concerned with
the parameters of napping. For many people a brief nap seems to have
restorative value that far exceeds the length of time involved. While
for some people, napping is an unpleasant experience and an undesir- }

i
able waste of time, for others it is a necessary and sometimes involun- 1

tary outlet in the face of overwhelming fatigue. Still others would

appear to integrate a nap into their daily life style as ar important

contribution to thewr psychological well-being. At the height of the
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mental hygiene movement a number of popular and scientific articles
advocated the nap as an integral part of mental hvgiene and of equal
importance to eating habits and cleanliness (Stegman, 1932; editorial,

Military Surgeon, 1952). However, even as early as 1900, some anec-

dotal data suggested that the benefits of napping were in part a function
of the time of the day the nap occurred. Moyer (1903) reported impres-
sionistic evidence suggesting that afternoon and evening naps were more
beneficial than morning naps.

Contemporary literature about napping (which will be reviewed
only cursorily here) has been concerned with three general issues:
developmental aspects of napping, sleep stages during napping, and

effects of naps on nighttime sleep parameters.

Developmental Aspects of Napping. A series of studies has

been concerned with developmental changes in sleep patterns. Some

of these have included napping time as part oi the total 24-hour sleep
time. It is, of course, well known that napping is common in young
children, declines through adulthood, but may increase in incidence as
old age begins to occur (Chant & Blatz, 1928; Kleitman & Engelmann,
1953; O'Connor, 1964; Reynolds & Mallay, 1933; Scott, 1931; Tune,
1969a; 1969b). Daytime napping in young children mostly disappears by
about five years, broadly corresponding with the beginning of school.
Perhaps not coincidentally this is also the time that sleep disturbances

first begin to vccur in some young children. Although the incidence of




napping increases with old age, the total 24-hour slecp time of the
elderly does not seem to differ from that of adults in the 20-30 year
old range (Lewis, 196Y9). Both sleep about 7.0 houwrs per 24 hours:
about 5 percent of this is taken up by napping tn the elderly. Tune
(1969a) reports less than 1 percent of sleep time is taker: in the form
of naps by unselected young adults.

Some of our carlier work suggested that naps containing Jelia
sleep may be non-beneficial, and that habitual nappers may nave
learned to avoud delta sleep during their naps. There are no :wudies
reporting whether delta sleep occurs in the naps of the clderly, but
the reported increased frequency of napping and the simultancous
decreased frequency of delta sleep during the night in the ciderly
(Feinberg, Koresko and Heller, 1967) suggest that dclta activity may

be an important variable in the cvaluation of sleep guality.

CEG sleep Stages During Naps. Another serics of napping

studies has becn concerned with the EEG stages of sleep during naps
ot various lengths.  Studies by Maron, Rechtschatten and W lpers
(1964), Webb, Agnew and Sterntnal {(1966), Webb ana Agnew (136 7),
Karacan, Finley, Williams and Hursch (1970a), Berger, Walker, Scott,
Magnuson and Pollack (1971), and Lawrence (1971), using various
samples and diftorent lengths of naps at different times ot the morning,
afternoon and vvening, have in general shown the following: (a) REM

sleop predominates in mourning naps and in fact, a morning nap scecms




to be a continuation of night sleep; (b) delta sleep does not typically
occur in morning naps, but is progressively more likely to occur during
the late afternoon and evening hours; (c) in habitual nappers sleep onset
tor a nap is significantly faster than their sleep onset at night, or
nighttime onset of non-nappers; (d) like nighttime sleep, REM rarcly
occurs at the onset of a nap. There is some evidence that REM urset
may occur a little sooner during naps than during nighttime sleep,
particularly if the nap occurs in the morning. In gcneral, depending
upon the time of the day, LEG sleep vatterns during a nap lock like
corresponding night sleep records. Morning naps appear to be a con-
tinuation of the previous night's sleep. However, they are relatively
infrequent, accounting for only about 4 percent of naps in over 400
subjects (Lawrence, 1971). Late evening naps may be equivalent tc
the beginning of regular nighttime sleep.

In our own earlier napping studies most of these findings werc
confirmed. However, five important but tentative results require further
investigation in our current work, as they have not becen reported 1n the
oxisting literature.

1. Naps that terminate by suddenly waking the subject from
delta sleep tend to lead to feelings of dissatisfaction more than naps
terminating in other sleep stages.

7. Some nappers scem to have the ability to "squeeze” slecp.
If the subject knows that he has a limited time to nap, he is likely to

cycle through stage 1 and 2 sleep more rapidly than if a corresponding




length of record is scored for a subject who docs rot krow how long no
will be allowed to nap.

3. Depth of sleep, the subject's satisfaction with the nap, and
recovery from subjective tiredness differed for nappers and non-nappers.
These variables were also related differently to the total slecp time and
the amount of stage 1 slecp.

4. Evidence from subjects' estimates of nap length suggestcd
that nappers may not consider stage 1 as a part 2f satisfying sleep,
whereas non-nappers include stage o in their definition of sleeg.

5. Some evidence suggested that the nap among some habitual
nappers improved their psycholegical well-being and helped 1o reduce
anxiety. This finding, and related anecdotal cvidence, led to our

growing conviction of an important distinction between what we hav.

labeled the appetitive and replacement napper.

Effect of Nap on Night Sleep Stages. The third series of

studies concoerned with napping have asked gquestions about the offects
of daytime napping and nighttime sleeping. These studies have beon
limited 1n scope. For example, Karacan, Williams, Finley and Hursch
(1970b) found that although morning naps did not atfect night slecy,

if afternoon naps contained stage 4 or delta sleep, then evening sleep
tended not to contain as much delta sleep as usual. Thev suggested
that total amount of delta required for 24 hours may be a constant; a

finding that has interesting implications tor cur oawn findings, ars we il




as the relationship between the amount of delta in naps and nighttime

sleep of the clderly.

1
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In guneral, these studies have shown relatively few conse-
quences of napping on the subsequent night's slecp. There is some
tendency for slecep onset to be delayed following a long nap (Karacan
ot al, 1970b) but an earlier study based on subjective reports by ]
Kleitman, Mullin, Cooperman and Titelbaum (1937) suggested that this
may be a function of the length of nap. They reported a long nap inter-
tered with slcep onset that night, but a short nap actually led to faster
sleep onsct that night. In a sleep diary study of voung children, Chant ;
and Blatz (19.28) found a positive correlation betweern daytime nap length

and nighttime slecp length in younyg infants aged one to three, but by

the age of five, a negative correlation was found suggesting tnat by about ;

' the fifth year napping reduced the need for nighttime sleep. o
) ‘ , i i

Our own previous studies have not addressed this question, ;

\We are currently exploring the effects of the laboratory nap on the sub-
joects' reported sleep parameters--not only on the night after the nap, but i
also for the night before the nap. It may be just as important to ask what
characteristics of a night's sleep lead to a decision to nap the following

day as it is to ask what effect the nap has on the subsequent night's {4

sleep. The sleep diary study reported below will take up this issue 1n
some detail, both in terms of the cffects of the laboratory nap on the pre-

ceding and sabscquent night's sleep, and also in terms of those days in

which naps dit or did not occur while the sleep diary was being completed.




Incidence of Napping., There have Do oocimiten o ey

interesting teports on cross-cultural attitudes towards LGLPITy, pattlo-
alarly rorclation to the sweste. Tawrence and Sharles (0w720) oo

surprisingly that the freguency of napping 1o the cotlege age poopalate o

i Guatemala (52 por cent) is considerably lowcr thar it is in collicge
students n the United States (76 percent) ir soite <f the traditicnal
jlesta lime in Guatamala. In contrast, Taub (197.2) found 4 nigh inci-
denco of napping associated with the Mexican siesta:r 78 percent of
Mexican students napped four or more times @ woo i {Ccompared to @ sima~
lar frequency in orly 26 percent of Guatanalar students).  Cultural atti-
tudes towards napplng vary & great deal. Thus, whaile the Hindu nhelieves
that a daytime nap will satisfy some of his nutr:tinnel requirements, the
Tibetan fears a daytime aap because he belicves 1t will lead to fever.

It seems likely that many of these cultural aifferences are related
geographical snd cconomic conditions (sec als Zubert and White, 12734
Kleitman anc Kicitman, 1953; Murray, 1263),

Several paper-and-pencil gquesticnnaire studices have adaress. 4
themselves to the question of typical sleep lonath, ta;y lenotn and
frequency of occurrence of naps. sStudies by Klaitmar et al (i+00),
Cohen (1944), O'Connor (1964), Teldman (1970), Tuiw (lveda), Jcirsoy
and Lerner (1974) and Lawrence (1971) would scom to support the follow-
ing generalirations, at least among college student populations,  Young

adults typically go to bed at about 12:45 and awaken at about =115,

obtaining about 7 5 hours of slecep. While mean ol @ are - rprisinaly

L




consistent across studies, several authors comment on the considerable
day-to-day variability in sleeping habits. Lawrence (1971) has shown
that nighttime sleep parameters are quite different on weekdays or on
weekends, and in terms of whether the students work or not. Most of
these length-of-sleep figures do not take into account time spent napping.
The incidence of napping is more difficult to evaluate because
of different ways in which different studies have asked the guestion.
However, most studies report including a "never" or "very rarely"
category of napping and a fairly consistent figure of about 40 percent
typically respond as non-nappers. Napping length varies from a few
minutes to over three hours, but most studies report a broad modal nap
length of slightly longer than one hour. In the most careful survey
conducted so far, Lawrence (1971) found naps of 2 hours or more in
only 5 percent of the 460 subjects who reported napping. Lawrence
also observed that when napping time is added to night sleep time,
the total length of sleep per 24 hours is about 1/2 hour longer for
habitual nappers {those who nap more than once a week) compared to

non-nappers.

Recuperative Effects of Sleep

The third area we have been investigating has been concerned
with the beneficial effects of sleep and the measurement of the recovery
from fatigue. Most of the studies in the literature that have been con-

cerned with the effects of sleep on subsequent waking performance have




employed a sleep deprivation model to study the consequences of sleep

loss in terms ot performance and, occasionally, psychological variables.

They have involved either total or selective sleep deprivation of varying
amounts., Our own research has adopted a diffcrent approach. We

have sought tc evaluate improvement in performance as a function of
sleep, and our basic model has been to compare subjective and objective
measures preceding sleep or napping with performance after the com-
pletion of the sleep or nap period. In other words, we have been con-
cerned with the advantages that accrue after sleeping, and in particular,
after having a nap.

Much of our previous work has been concerned with what turned
out to be a lengthy and difficult problem of developing appropriate tasks
to measure the recovery functions of sleep. This work has been reported
earlier. The development of these tasks led to a collaborative study
with the Performance Research Laboratory, University of Louisville,
concerned with performance and recovery from fatigue in subjects on a
4-hour-work, 4-hour-sleep continuous performance regime.

In summary, our aim has been to study the functions of sleep
in order to improve the efficiency with which the psychological and
physiological benefits of sleep can be obtained. In the past year wc¢
have carried out a major investigation on the nature of napping, empha-
sizing differences between those who derive considerable satisfaction
from regular napping and those who avoid napping apparently because of

its undesirable consequences for them. As well as a large sample




questionnaire survey on napping (N = 430), we studied nappers and

non-nappers in a standard sleep laboratory daytime napping study.

In addition we engaged in a collaborative performance study on the

recuperative effects of shortened sleep cycles on a continuous work

regime. Each of these areas of research is described below,
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2. THE PARAMETERS OF NAPPING

The ongoing research program has provided insights into poten-
tial diffcrences in the habitual sleep patterns of people who nap and
those who do not. However, very little is known about the subjective as-
pects of the napping experience. In our exploratory work, it became
clear that people have quite divergent views about why they do not nap
very often, citing many reasons ranging from lack of time and difficulty
in falling asleep, to adverse psychological or physical consequences,
and so on. Similarly, some people nap to make up for previous {or
anticipated) loss of sleep time. Others seem to nap more as a life style
than for reasons of fatigue. Yet others attempt to use napping as a
means of relieving the tensions of everyday living. For some people the
nap seems to have some psychodynamic significance rather than mecrely
serving as a means of recovering from fatigue. Even more striking are
the extreme individual differences in attitudes towards daytime sleep and

behavior related to napping.

The Napping Questionnaire

An exploratory questionnaire was devised to serve two quite dif-
ferent functions, First, we wished to find out more about napping, and
about the choice not to nap. While there were a number of areas in
which the same kind of information was required from all participating

subjects, for subjects who did not nap some of these questions were not




meaningful. Thus, it is awkward to be asking a non-napper about the time
he takes his regular naps and his reasons for napping. Consequently,

one section of the questionnaire was developed to e completed by those
who considered themselves to be frequent nappers; another for thosc

who labeled themselves as non-nappers.

The second purpose of the questionnaire was to select subjects
who represented reasonably pure types of napping patterns. This would
include confirmed non-nappers as well as two types of nappers: (a)
those who nap primarily for sleep need or replacement reasons--making
up for sleep lost, or in anticipation of lost sleep; (b) those whose reasons
for napping were more psychological or appetitive, and in whom fatigue
does not appcar to be the important consideration for most of their naps.
While it is possible that many people nap for a combination of both
appetitive and replacement reasons, our aim was to identify relatively
pure groups available for the proposed laboratory daytime sleep study re-
ported below.

The questionnaire contained a broad spectrum of questions with
scveral different answer-formats required to aid convenient quantifica-
tion.1 The napping questionnaire (see appendix) is divided into threce
sections.,

Part I: The first section asks general questions about subjective
sleep satisfaction and the overall quality of slcep, as well as specific

questions to provide cstimates of quantitative sleep parameters., Some

questions were cxpected to relate to the case of voluntarily controlling
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sleep onset under a variety of circumstances, which is the broad dimension
under which our previous work has indicated that napping may be sub-
sumed,

The final question in this section was "Do you take catnaps dur-
ing the day?" The subject was required to respond on a 5-point scale
(5 = always; 1 = never). Depending on the answer to this question, sub-
jects proceeded to either the green Part 2, or the blue Part 3 sealed
sections of the booklets. If a subject's answer to the napping question
was either "rarely" or "never," indicating that he rarely or never took cat-
naps, he was requested to complete the sealed green section of the ques-
tionnaire. If, however, he answered "always," "usually," or "some-
times," indicating that he catnapped on at least some occasions, he
was requested to break the seal on the blue section and complete only
that section.

Part I1I: This section was answered by subjects who responded
that they "rarely" or "never" took catnaps. The subjects answered ques-
tions concerned with why they did not nap, as well as providing informa-
tion about the time during the day when they were either most tired or
most alert, under what conditions they might consider taking a nap,
and any differences they felt existed between napping and sleeping.

Some of these questions required answers based on the 24-hour clock,
somue on a rating scale on which 5 indicated "definitely applies, " and |

indicated “irrclevant" or "does not apply.*




Part I1]I; This section was filled out only by peopie wno re-

sponded that they do nap at least sometimes. Information was obtained

about their reasons for napping, time spent napping, and the conse-
quences of napping. Questions were included to distinguish betwcen !
the two different kinds of nappers, described below, that we wore in-

tercsted in studying.

Subjects-~0Original Selection Sample

The specially designed napping questionnaire was administered
to a large introductory psychology class.2 During a break in the 2-hour "‘
class, 512 volunteers filled out a receipt for $2, which they found Vo
located under their seat, Any student who chosc to participate in the

“sleep survey" by completing the questionnaire on his own time was

given, in exchange for this signed receipt, a stamped envelope addressed

chean

to the laboratory which contained $2, the napping questionnaire, and the
standard informed consent form used by the laboratory. The subjects
conipleted the napping questionnaires at their leisure and mailed them to
the laboratory. Between the class date, 11/8/73, and an arbitrary
cut-off date of the start of the next semester, 1/21/74, 430 question- P

naires were reccived. Three weeks after the last questionnaire was re-

ceived, a letter reminder was sent to the 82 outstanding subjects, and
30 second reminders were sent about 5 weeks later, Valid question-

naires were retumed by 474 (93 percent) of the 512 students who attended

the class, but only the initial 430 (representing 84 percent of the distributed
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questionnaires) were included in the data analysis reported in this

section.

Of the 430 subjects, 261 (60.7 percent) completed the blue sec-
tion for nappers, while the remaining 169 (39.3 percent) filled out the
green non-napper section. Detailed comparisons between these non-

nappers and nappers will be reported below.

Criteria for Laboratory Napping Study

This questionnairec was also used to select the subjects who 4
would mect specific criteria, thereby qualifying to be invited to nap at h
the laboratory. Based on the results from earlier pilot samples, specif- by
ic criteria were set up in order to identify those subjects who would
qualify for inclusion in one of the three different groups in the study.
These criteria were defined exclusively in terms of specified responses ]
to the questionnaire. Not all qualified subjects could actually be in- i
vited to the laboratory, either because of their expressed unwillingness
or unavailability when they filled out the informed consent form or

because a mutually convenient schedule could not be worked out.

Consistent Nappers. The consistent napper had to indicate (blue

section, question 1) that he napped with a frequency of at least once a
week (or four times a month). In addition, in response to the question
(blue scction, question 18) "Do you find that naps are gencrally very

satisfying 7" the subjcct was required to answer "Definitely Yes™ or i 4
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"Possibly Yes." Nappers who did not meet these criteria were con-

sidered to be inconsistent nappers for the purpose of the study. Based

on these criteria, 62 nappers were classified as inconsistent nappers,
leaving 199 consistent nappers (76 percent ,Of all nappers). Of the 261
nappers, 3 percent indicated they "always'" napped, 21 percent indi-
cated they "usually" napped while 76 percent marked "sometimes."
Consistent nappers were then further divided into two subgroups,
appetitive (N = 43) and replacement (N = 156) nappers. Subjects were

considered to be appetitive nappers if their answer to (blue section,

question 27) "Do you nap even when you do not feel very tired? " was
either "Definitely Yes," or "Possibly Yes." However, a subject was con-

sidered as a replacement napper if he answered "Possibly No" or

"Definitely No" to this question (#27).

In summary, a subject qualified as a potential napper for the
laboratory study if he napped more than once a week and found that naps
were generally satisfying. He was further designated as an appetitive
napper if his naps did not necessarily occur in response to feeling
tired, or as a replacement napper if he indicated he napped mostly when

he felt tired.

Consistent Non-Nappers. Of 169 non-nappers, 135 answered

they "rarely" napped, and only 32 (19 percent) answered that they "never"

napped. It became clear that there were several kinds of people who

labeled themscelves as non-nappers. For example, one group ot subjects

dusmtifineet
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clearly indicated that they once did nap regularly, but no longer do so.
The previous period of napping was sometimes associated with specific
factors like illness, pregnancy, or childhood, but in many instances
there were periods in the subject's life when he napped frequently for
reasons other than the transient special conditions mentioned. (Some of
the characteristics of non-nappers who once napped will be discussed
below.) It was felt that these subjects were not necessarily representa-
tive of the typical confirmed non-napper unless the occasional napping
occurred only in the context of a natural situation like pregnancy or ill-
ness. We were concemed only with locating subjects who did not nap
because of a strong emotional conviction that they did not find napping
beneficial or satisfying.

Confirmed non-nappers were thus required to answer "No" to the
question (#3, green section) "Was there a period of time when you did
take naps at least sometimes?" Two other questions (green section,
dquestion 1, parts K and L) were also critical in defining these habitual
non-nappers: "Napping produces unpleasant physical aftereffects.";
“Napping produces unpleasant mental aftereffects," These were rated
by the subjects on S-point scale questions. Both of these questions had
to be rated 3, 4, or 5, indicating that the reason applied to the subject
at least some of the time. Alternatively, at lecast one of these ques-
tions had to receive a rating of 4 or 5.

In summary, the confirmed non-nappers who were potentially

available to be selected for the laboratory study reported they hardly




ever nap, at least in part because tor them napping produces unpleasant
physical and mental aftereffects, Only 13 of the leY non-nappor wub-

jects meot these stringent criteria.

Results

Sleep Parameters of Nappers and Non-Nappers

Table | presents self-reported parametric data for all of the nag-
pers and non-nappers concerning evening and morning sleep and arousal
time. Questions regarding when the subject felt sleepy, went to bed,
tell asleep, awoke, got out of bed, length of time slept, were all asked
both in reference to "last night” and "usually.” Although correlations
between ”last night” and "usually” responses were typically around .50,
it could not be expected that any single night of sleep 1in a college popu-
lation would relate to overall slecep pattermns. Indeed, response varia-
bility was probably the most noticeable aspect ot the data report.« in
Table 1. The data in Table 1 reflects response to "usual” patterns.

In general, typical parameters of going to sleep and waking up
were not very different for nappers and non-nappers. Both groups report-
ed typically sleeping 7 hours and 26 minutes: all subjects averaged
7 hours and 22 minutes "last night." The standard deviation of "last
night” (1 hour and 5! minutes) was significantly arcater (£ = 3.16;

p <.001) than tor the typical night (1 hour and 25 minutes). This might
suggest that the typical night's parameters include sleep patterns that

contain itreqular hours (such as weekends), but the nappers may have
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TABLE 1
Comparison of Self-Reported Sleep Parameters
in Non-Nappers and Two Kinds of Nappers
T * %
All Ss Qualified Ss
Non- Non-~ Napper

Napper Napper Napper Appet. Replace

N Reported Time N=169 N=261 N=13 Nm=43 N=156

Time very sleepy 23:49%* 23:13%* 00:10 22:35 23:19
Time gou 4. bed 00:43 00:46 01:06 00:20 bo00:49 i
I

Tiine fall aslecp 01:04 01:02 0l:26 00:39 ‘ 01:01
Time woke up 08:23 08:28 08:52 08:33 08:25 |
]
I '
Time out of bed 08:32 08:43 09:06 08:59 ! 08:39 |
!
Hours slept last night 7:28 7:19 7:47 7:33 ‘ 7:11 ;
: I
ifours sleep regularly 7:28 7:25 7:38 7:31 | 7:27 ‘,
Hours sleep like 8:26 8:34 8:30 8:33 ! 7:35 !
! | !
Hours sleep need 7:50 ’ 7:58 7:53 l §:05 : 7150 {
| s
Mi_rlt_ligs to fall asleep :20 121 ;20 L_ 123 ! 15 ‘J

Noto. --All data reported in hours and minutes (24-hour clock-timc).

*p < ,05 All othur t-test comparisons insignificant.

**All F-ratios comparing 3 groups insignificant,
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already adjusted this typical time to take into account any nap they nay
sometimes take. The only variable differentiating the two groups was the
question about "What time do you usually feel very sleepy at mignt
Nappers report doing so 26 minutes earlier than non-nappers {t = 2,04:
p< .Ol),3 but they both report typically going to bed within 2 minutes
of each other (at about 12:46 a.m.).

The answers to most of these questions were typically nore vari-
able for the napper subgroup. It is not known if the variability is a
function of taking daytime naps on some days, but it 1s consistent with
the nappers' greater control of the sleep process.,

There are no significant correlations between the question about
napping frequency and these typical sleep parameters.

Tt is of some interest that subjects obtain about 7 hours and 2o
minutes of sleep, would like to have over 8 hours and 49 minutes, but
feel they need 7 hours and 55 minutes of sleep (each of these values
differs significantly from each other). Globus (1969) similarly found
that 51 vubjects slept 7.1 hours, but reported they needed 4.1 hours:
however, these were specially selected subjects who obtained excessive-
ly long sleep (exceeding 10 hours) at least once a week. He attributed
the greater "sleep need” as a symptom of excessive sleeping, but our

results how that this is a typical feeling among college students.

Sleep satisfaction in Nappers and Non-Nappers

Table 2 summarizes the responses on the first part of the napping

Jquestionnaire of navpers and non-nappers to a number of characteristics
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TABLE 2
Comparison of Subjective Night Sleep Characteristics
in Non-Nappers and Two Kinds of Nappers
-
All 8s Qualified Ss
Non- Non- Appet. | Replace.
Napper | Napper Napper | Napper| Napper |
Variable Score | N=169 |N=261] p< N=13 N=43 N=156 JI
Sleep as deeply as you
like Yes=1 .71 .80 1.05 69 74 .82
Wake up slow, lethargic .67 77 1.05 .69 .72 .75 1
Sleep well last night .83 .80 | -~ 77 .72 .83 )
Sleep well usually .82 .88 j.10 .85 84 * .91
Could sleep now .50 .79 |.0001| .46° .66 J 78
Wake up during night Always| 2.57 2.45 | —- 2.69 2.50 | 2.44
Fall asleep easily =9 3.36 3.60 (.01 3.54 3.07 3.65
Sometime s sleep too long 2.41 | 2.16| —- | 2.85 | 2.67 | 2.a0"
Sometimes sleep too short 3.29 3.511.001 3.38 3.47 3.53
Sleepwalk 1,14 | 1.4 - | 1,23 1.359] 1.08°
Sleeptalk 1.93 2.051) -- 2.15 2.19 1.95
Find sleep satisfying 4.20 4.28 | -~ 4.31 4, .2 4.39
Difficulty falling aslcep 2.64 | 2.56| -- | 2.62 | 2.79 | 2.4a' |
l !
Are you deep sleeper 3.47 3.6L 1 -- 3.38 3.60 3.63 i
|
Take catnans® 1.83 | 3.28].0001| 1.549 3.51"1 3.6 |
Note.~-A superscript indicates that the subgroup differs from at least once of the other

subgroups. No superscript indicates that the subgroups do not differ.

*Oneo of the selection criterion variables:

napping Ss.

non-napper group must differ from the

3




related o evening sleep. In spite of the lack of differences in the
amount of sleep typically obtained at night, there were predictable dif-
ferences between nappers and non-nappers in their subjective attitudes
towards and satisfaction with sleep. Compared to non-nappers, nappers
report that they sleep as deeply as they like to (80 percent versus 71
percent respond "Yes," p < .05) and typically sleep well (77 percent
versus 67 percent, p < .05) although they may more often wake up fee!-
.ng slow and lethargic (p < .05). Non-nappers are more likely to feel
they did not get enough sleep (p < .001), but perhaps this merely implies
that the napper has the mechanism to make up for lost time wnen he has
such a feeling. Nappers more frequently report that they could go to
sleep "right now" (79 percent versus 50 percent, p < .0021) and typi-
cally fall asleep more easily during the night (p < .01},

Thus, nappers seem to be more satisfied with how they siecer,
and maintain a general readiness to be able to fall asleep "now, " vre-
sumably a capacity they have at their avail whenever they need 1., These
results are further confirmed in Table 3, which clearly indicates tnat
nappers rate themselves (on a S-point scale) as significantly more iikely
and able to nap in a wide variety of circumstances including on long car,
plane, or train trivs, while studying, reading aloud, or while attending
lectures, theater or movies, or watching T.V., following a good meal,
and at times of stress. In some of the open-ended questions, napping
in these circumstances was reported to be a voluntary process as fre-

quently as an involuntary one.




TABLE 3

The Ease of Falling Asleep in Specific Situations
in Non~Nappers and Two Groups of Nappers

* *
All Ss Qualified Ss
- i
Non- Non- Appet. Replace| !
Do vyou fall asleep: Napper Napper | p < Napper Napper Napper :p <
N=169 N=261 N=13 N=43 N=156
O 1 4
i T
] ]
On long car trips 2.75 3.13 .0001 | 2.33% 3.02  3.21 .01
While reading a book 2.25 2.72 . 0001 2,15 3. OOb 2.65 o0l-
While studying 2.06 2.56 |.0001 | 2.00% 2.79  2.36  |.01-|
During a play 1.35 1.54 |.o0l 1.3 1,779 1,46 |.0s- ( ¥
On plane or train trips 2.37 2.68 .01 1.35% 2,448 2.609 {.o | »
Whi.e watching movie 1.73  1.99 . 002 1.46 1.98 1.99 ‘..10 t
During lectures and 0 ‘ %
spceches 1.82  2.25 L0001 | [.62 2.30 2.20  1.02 !
At times of stress 1.61 1.81 .05 1.38J 2 21k 1.731 }.Ul !
While watching TV 2.28 2.46 |.05 | 2.15 2,49  2.47 * 10 !
After a particularly 5 {
gcod meal E.M 2.56 |.0001 Lz.oo 2.70  2.56 L.m ;

Note.~--Answers rated on 5-point scale: 5 = Always, 1 = Never.
* F-ratio (df 2, 210)

** Groups sharing common superscript do not differ significantly, i.c., a subgroup ‘
without a superscript does not differ statistically from the other non-superscripted

groups.




These clear-cut results provide strong confirmation of the ..y-
pothesis that one of the major characteristics of the napper 1s hir ability
to choose when he wants to fall asleep. In Table 1, a tendency (p < .1U)
was noted for the napper (particularly the appetitive napper) to delay
going to bed longer after he first felt very sleepy than the non-napper,
perhaps because of his confidence that he could either fall asleep
quickly or would be able to make up for any iost sleep at a subsequent
time,

A general index of falling asleep in a variety of circumstances
was derived by summing the number of times the subject checked the
extreme category "5" or "always," on these ten questions. The mean
degree of voluntary control of sleep for nappers was significantly greater

than for non-nappers (p < .0001).

Sleep Parameters in Consistent Appetitive and Replacement Nappers

Differences between the consistent appetitive (N = 43) and
replacement (N = 156} nappers (i.e., those who nap at least once a week
and enjoy it} in relation to nighttime sleep are summarized in Tables 1, 2,
and 3. They are also compared where relevant with the consistent non-
nappers (N = 13).

The two groups of nappers did not basically differ from the pattern
described above for the complete sample of 430 subjects. Again, as can
be seen in Table 1, evening sleep patterns seem comparable in all sub-

jects. Consistent nappers and non-nappers seem to go to bed at the
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same time, sleep ab ut the same length of time, and get up at about tne
same time. These subjective estimates presumably exclude time spent
napping. Of some interest however, is the discrepancy in the "last
night” and "typically" answers of replacement nappers in terms of

length of time slept. They reported sleeping only 7 hours and L1 minutes
last night compared to a typical night's sleep of 7 hours and 27 minutes
(t =2.08; p < .05). The appetitive nappers and the non-nappers did

not differ in their two reports (t = .37 and .17, respectively). This sug-
gests that the sleep of replacement nappers is more variable than that of
other groups, and their sleep habits may not be regular, thereby creating
the need for periodic replacement sleeping. Indeed, all answers of the
replacement subgroup were more variable than the other two, further sup-
porting the replacement nap concept.

In spite of the restricted range imposed by the selection criterion
of at least a nap per week, appetitive nappers more frequently ¢ngage in
napping than replacement nappers. This is apparent both in their answers
to the 5-point catnap seclection criterion question on part 1 of the ques-
tionnaire (t = 2.16; p < .05) as well as the reported frequency of napping
on part 3 of the questionnaire. Thus, the qualified appetitive nappers
take 16.9 naps per month compared to only 12.8 naps for the qualified
replacement nappers (t =2.,13; p < .05).

The fact that these subjects nap regularly indicates that they may
potentially receive more total sleep during the 24-hour day than the non-

nappers. This question will require further analysis in a subscquent
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section where daily sleep diary data for 14 days is available for 33 nap-
pers and non-nappers. The replacement nappers are much more variable
as to when they go to bed and how long they sieep. There was a tend-

ency for them to have gone to bed a little later "last night" {(i.e., thc

night before they filled out this questionnaire) than the non-nappers
(t = 1.60; p < .20), or at least at a more variablc time (F = 3.95-

R < .01). Thus it is still possible that while the replacement nappers
typically sleep at the same time as non-nappers, there are occasions
when they get less sleep. Presumably, such occasions are more Hkely
to be associated with a nap the next day. In this data there 1v no way
to evaluate whether either kind of napper reccives more slecp in a 24-
hour period than non-nappers.

While nappers and non-nappers overall do not diffcrentially re-
port sometimes sleeping too long, consistent nappers are less likely to
say so than consistent non-nappers {t =2,56; df =211; p < ,02). This
is primarily due to the consistent replacement nappers who less often
have the experience of having slept too long than cither non-nappers
(t =2.92; 3t = 168; p < ,01) or appetitive nappers (¢ = 1.80; df = 198:
p < .10). In contrast, replacement nappers report significantly morc
often having the feeling of having slept for too short a time, compared
to non-nappers (t = 3.32; df = 377; p < ,001). Although this difference
does not achieve significance with the selected consistent subgroups,
the evidence indicates a subjective sleep-need pressure on replacement

nappers who teel that they neced more sleep, particularly under condition:
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where they feel they do not often sleep enough, or for too long, but more
often come up on the short side of what they perceive they typically need.
This subjectively perceived need for more sleep presumably provides the
basis for the replacement nappers' need to obtain naps.

One curious result 1s that consistent appetitive nappers are more
likely to sleepwalk (t =2.49; df = 198; p < ,02) and sleeptalk (t = 1.36;

_p <.20) than replacement nappers. The mechanisms of sleepwalking and
sleeptalking are not currently well understood; however the possible
psychodynamic origins of these phencmena are possibly consistent with
their incidence in subjects whose sleep may, in part, have psychodynamic
overtones.

While the consistent non-nappers were selected in part because
of the unsatisfying nature of their occasional naps--in terms of phys.cal
and mental functioning--such a negative attitude does not relate ‘o “heir
sleep in general. The non-nappers did nct differ from either group of
nappers on ratings of how satisfying night sleep tends to be, nor on
how deeply and well they typically sleep. Replacement nappers report
that sleep is slightly more satisfying (t =1.79; p < .10), and they
relatively less often have difficulty falling asleep {t =2.27; p < .05)

than appetitive nappers. This findinyg .s surprising, though in general

difficulty sleeping is not related to napping or non-napping as such.
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Napping in Appetitive and Replacement Nappers

Voluntary Control of Napping. As already noted, nappers report

a capacity to fall asleep readily in a variety of circumstances. Table 3
compares the appetitive and replacement nappers in terms of the rated
ease of falling asleep under several conditions. The mean values
represent ratings on a 5-point scale.

Appetitive nappers tend to nap more than replacement nappers
while reading a book (p < .05), while studying (p < .10}, during a
play or at the theater (p < .05), and have a similar but insignificant
tendency during lectures and speeches and after a particularly good
meal. In contrast, replacement nappers are more capable of falling
asleep on long car trips (p < .10) and on plane or train trips (p < .05).
While we do not fully understand the significance of the advantage
held by the replacement napper under these two circumstances,
both involve extended motion. The relationship betwecn volitional
and involuntary naps and the physical envir ~ment will be explored
in future work: It is also possible that the replacement nappers
plan their sleep knowing that they will be able to catch up on or
following the trip.

Of particular importance was the striking tendency for the appe-
titive nappers to say that they tend to fall asleep at times of stress com-
pared to either the replacement nappers {t = 2.43; p < .01) or non-nappers
(t = 3.36; p < ,005)., This provides important confirmation ot the appetitive

nappers' tendency to fall asleep in responsce to psychological factors, as




opposed to factors relating to general fatigue or sleep deprivation.
When the extreme ratings of "5" are summed over all ten catego-

ries, the appetitive nappers show a greater ability to voluntarily fall

asleep under a variety of these circumstances significantly more fre-

quently than the replacement nappers {t =1.98; p < ,05). Howcver,

as already indicated both groups differ markedly (p < .001 in ¢ach

case) from the non-nappers in their ability to nap frequently in a wide

variety of circumstances.

Nap Satisfaction. In Table 4 mean ratings of the subjective

satisfaction with napping for the appetitive and replacement nappers

are summarized. These differences refer to part 3 of the questionnaire

which was only completed by the napping subjects. The data compares

both consistent appetitive (N = 43) and replacement (N = 156) nappoers .4 1

In general, the results show that the appetitive napper has a 4
greater propensity for napping and finds napping more desirabic than the
replacement napper. The appetitive napper rates himself as more often
taking naps (p < .05) and he, in fact, naps more frequently (p < .05).
He rates himself as preferring to nap daily (p < .02). He likes to natp L
as regularly as possible (p < ,02) and voluntarily naps whenever time
permits (p < .002). When asked how long after awakening from a nap he
would be ready for another nap, his answer is sooner than for the replace-
ment napper (p < .10). The appetitive napper naps 1 @ wider varioty

of circumstances (p < .05), although there is a shight tendency that he
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TABLE 4

Differences in Subjective Sleep Characteristics
for Consistent Appetitive and Replacement Nappers

{
Appet. Replace ;
Variable Napper Napper t p< ‘
(N=43) (N=156) i
!
Take catnaps 3.51 3.26 2.16 .05 .
!
Nap frequency per month 16.91 12.79 2.13 .05 ;
Hours till could nap again 4,14 4.54 1.40 o0 3
|
Could nap daily 3.30 3.00 2.40 .02 ‘
{
i
Like to nap regularly 3.14 2.80 2.31 .02 [
Voluntarily nap if time 3.53 3.17 3.23 . 002
Feel more tired awake 2,21 1.95 1.81 .10
No nap if regular sleep 2.70 3.44 3.25 . 0002
| Nap when not tired® 3.12 1.35 29,11 L0001
X "Always" response-- i
case of sleep 1.49 1.04 1.98 .05
_ . . — J

Note.--All questions 5-point scale where 5 represents high {always) end
(except second and third variable).

a . , .
Sclection variable.
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will feel more tired when he awakens than does thc replacemert napper
(p < .10). However, it is important to note that the replacement aapper
is much less likely to nap if he considers he has had a reguiar ni;ht's
sleep the previous night (p < .0002).
Differences on all other variables listed in the third part of :he
questionnaire were not significant. This includes such characteristics
as whether the subject would prefer to obtain all of his sleep in one
continuous segment or whether he would prefer to sleep on demand
whenever tired, and the effect of napping in improving the subject's
ability to work or his ability to concentrate. There was no significant
difference in the tendency to nap involuntarily. In the situations re- ’
ferred to above the subjects mostly decided voluntarily to take a nap.
The results do not necessarily refer to situations where falling asleep
is not premeditated.
It is clear from these results that the appetitive napper can more
readily take naps in a variety of situations and generally has the set
that he is willing to nap and is capable of napping whenever he choocses to

do so, and wherever circumstances permit.

Estimated Parameters of Napping. Table 5 presents the mean

reported times that all nappers, appetitive as well as replacement,
take their nap and how long they nap. There are no significant differ-
ences between appetitive and replacement nappers in terms of these

cstimated clock parameters, Subjects prefer to nap at about 3:49 p.m.,




TABLE 5

Estimated Parameters of Napping in Consistent
Appetitive and Replacement Nappers

1 Consistent Nappers ‘
All 5
Nappers| Appetitive | Replacement '
Variable N=261 N=43 N=156

{

What time prefer to nap 15:44 15:52 15:48

i

How long would the ideal nap last 98.96 101.30 99.86
What is the longest time you nap 162.82 163.60 156.79 !
What is the shortest time you nap 24.78 24.84 | 25.14 .
' !
When napping, how long to fall asleep 9.75 8.56 9.19 i
. * '.
When nap, how long typically last 73.35 81.23 70.40 ‘

Note. --The first variable is reported in hours and minutes (24-hour clock-time).
The remaining variables have been converted to minutes: Subjects typically
recorded their answers to the nearest 15 minutes.

* Comparison of subgroup variances: F =2.59; df = 42, 155; p < .001. All othur
t-test and F-ratio comparisons betwecen appetitive and replacement nappors are
insignificant,




and the typical nap lasts about 73 minutes, However, the length of the
typical nap in appetitive nappers is much more variable than in replace-
ment nappers (F =2.49; df = 42, 155; p < .001). While the typical nap

is about 73 minutes, the average longest nap subjects report is 15¢&

minutes, although subjects consider the ideal nap would last 100 minutes.

It takes a napper an average of 9 minutes to fall asleep when he is having
a nap; this is in striking contrast to the typical 20 minutes it takes the
same subjects to fall asleep at night.

In general, in spite of the differences in the reasons for napping,
there are no differences in the time the two groups of subjects take

their nap and the length of the longest, shortest, typical, or ideal nap.

Why Does the Non-Napper Not Nap?

The second part of the questionnaire was completed only by the
non-nappers; those subjects who responded "rarely" or "never” to the
question on part I, "Do you take catnaps during the day?" This part of
the questionnaire was concerned with questions about the reasons for not
napping and attitudes towards napping.

The non-nappers were asked "Was there a period of time when you
did take naps at least sometimes?" Of the 169 non-nappers, 41 answered
"No." An additional 48 subjects answered "Yes, " but in response to the
question "When?" gave such modifying responses as "When [ was a
child" (defined when necessary by us as before 12 years of age), "When

pregnant,” "When ill." These were considered as inconsequential to

Mecndt.
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our non-napping criterion, and a subject giving this modified "Yes"

answer was included as a consistent non-napper if he satisned al' of

the other criteria. In fact, 7 of the 13 consistent non-nappers werc

sclected from this subgroup. The remaining 80 subjccts responded

that they did once nap, but did not modify their statement in terms of

the kinds of special circumstances noted above. Analysis of variance
comparing the four subgroups consisting of the consistent non-nappers,

modified non-nappers, those who once napped regularly, and thec remain-

ing non-nappers who did not qualify for the laboratory study, yielded

very few differences among the groups. There werc some differences in
the reasons given for not currently napping {(d:scussed below) and somc
additional differences between consistent non-nappers and those sub-
jects who once napped regularly, but now no longer do so.

All non-nappers were given the opportunity to rate on a S-point

il

scale (5 = Definitely applies; 1 = Irrelevant), cach of 15 differ.nt

reasons why they preferred not to nap. The possible reasons included

the inability to slecp when attempting to nap, interference with night
sleep, interference with daytime activitics, and the unpleasant results of

daytime napping. The three reasons most strongly endorsed by all 109

non-nappers were: "Napping interferes with my work (or studying), "
"No time available,” and "I would not be able to fall aslcep, ﬁ
The consistent non-nappers in this study wore chesen because

they stated that previous napping typically had unplecasant physicat anua

mental atteretfocts tor them,  Apart from these roasons the thres most
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common reasons they checked for not napping were related to these un-
pleasant consequences: "I did not feel any better after napping, " |
did not feel any less tired after napping," and "Napping is an ungleas~nt
experience." The three reasons which least affected thcir reasons for
choosing not to nap were "Napping is a sign of laziness," “If I napped

I would not be able to sleep well at night," and "No time available."
Thus, while it was decided in the laboratory study to select non-napgers
who did not nap because of the unpleasant consequences, these subjects
were not necessarily typical of a larger proportion of non-nappers who
consistently did not nap primarily for reasons of lack of time, Par-
ticularly interesting in this regard was the 80 of the 169 subjects who in-
dicated that they once napped after childhood, but no longer did so.
These subjects now no longer napped because they had no time to do so,
and because napping interfered with study and/or leisure activities,
The unpleasantness of the nap does not seem to have been an important
reason for their discontinuation of napping.

A detailed comparison of the 13 consistent non-nappers and the
80 non-nappers who once napped is presented in Table 6. The secveral
significant differences between these two groups are all in the Jdirection
of either there being no time for napping for the once-nappers, or becausc
of the unplcasantness of napping for the selected group. These results

would strongly suggest that future work needs to consider the problem of

non-napping more cxtensively than we did in the empirical laboratory

work conducted during the past year. Ncon-napping is not a homogencous




TABLE ©

Differences (on S5-point rating scalc) Between
Non-Nappers (N = 13) and Subjects Who W re
Once-Nappers But Are No Longer Nappers (N = 80)

Consistent 1‘

Variable Non-Nappers | Once-Napper t _{ p <
] ! l
Take catnaps 1.54 1.96 | 2.98 .01 i
No time to nap 2.54 3.50 2.57 .01 {
Nap unpleasant experience 3.16 1.84 7.31 .0001 1
No need for nap 3.15 2.51 1.67 .10 ,
Interferes with work, study 2.85 3.56 2,10 .05 ;
Don't feel better after nap 3.69 2.64 2.43 .02 :
Don't feel less tired 3.54 2,64 2.61 .01 |
Unpleasant physical effect 3.92 2.31 6.15 L0001 I
Unpleasant mental effects 3.62 2,11 5.07 .0001 !
Fall asleep on car trips 2.23 2.94 [
Ease of sleeping in many l
situations* .31 .74 2.17 .05 ‘_
Timc usually most sleepy™* 21:19 17:64 2.13 | .05 :
Time prefer to sleep™™ 00:21 23:22 2.33 | .05 1

Note ., --Answers rated on 5-point scale: 5 = Always, | = Never.
* Mecan sum of "always" answers on 14 listed reasons for not wanting to nap.

** 24 hour clock-time - hours and minutes.




entity, but different kinds of non-nappers would seem to have differen

kinds of characteristics. Whether such subgroups would differ 1 terms
of the subjective and physiological characteristics of daytime slecu in

the laboratory remains to be investigated.

Many of the responses of the non-nappers who once napped on
the first section of the questionnaire tend to be more like the responscs
of the replacement napper group. Typically, thc means of the non-napper
groups fall somewhere between the consistent non-nappers and the consist-
ent replacement nappers. We surmise that most of these subjects were
once replacement nappers who, because of time and scheduling reasons,
have had to learn to assert better control over their sleep activities and
to avoid being caught in a situation where napping is necessary to make
up for lost time. It is interesting that in spite of the restricted range on
the criterion catnap question, the once-nappers still nap significantly
more often per month than the selected group of i3 non-nappers (1.96

versus 1,54 times pcr month, t =2,98; p < ,01).

Summary

In general these data support most of our predictions about the
characteristics of napping and also about the different kinds of navpers.
Somewhat surprisingly, there were absolutely no differences in the basic
sleep parameters reported by subjects regarding typical nighttime sleeg
habits. Although nappers rcport they can fall asleep more easily than non-

nappers, they did not differ from non-nappers in clock time estimates of




how long it takes them to fall asleep at night. Howcever, there wa. L -
stantial evidence that nappers have a greater facility to fall asleen «asii,
and to voluntarily choose situations in which they can slzep., Nappers,
and particularly appetitive nappers, are capable of slecping in a

variety of circumstances, many of which have little or nothing to do

with tiredness or fatigue.

Qur concept of appetitive and replacement nappers appears to
have some validity. Appctitive nappers have a greater degree of control
over the ease of falling asleep and tend to nap more frequently than re-
placement nappers. In particular, they are more likely to nap in responsec
to stress, but they do not necessarily fec! more refreshed or less tired
when awakening from a nap., In contrast, replacement nappers are much
more variable in terms of when they go to sleep and get up in the mom-
ing, and how long they sleep at night. They are not likely to nap if they
have had sufficient sleep the previous night and they typically report
feeling less tired after they nap, Apparently, napping for the replace-
ment napper has the desired recuperative effects from fatigue resulting
from loss of sleep.

Subjects who typically do not nap may well be more heterogencous
than we had anticipated. There are at least two types of non-nappers;
the group we focused on in this study are subjects who do not nap becausv
of the unplecasant consequences they have experienced when they tried
to nap in the past. They do not believe they gain any benefit from nap-

ping. There is, however, another group of subjoects who do not nap
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because of time considerations rather than any dissatisfaction with thi
experience. Many of these subjects have napped more frequently in thc
past than they do now. Although thc data is limited, it would secm that
they share some of the characteristics of the replacement nappers in the
present sample. [However, the focus of this report will be on the non-
nappers who find the consequcnces of napping are unpleasant and non-

recuperative,
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3. LABORATORY NAPPING STUDY

The primary aim tor the past research period was to examine

some of the subjective and physiological changes when habitual nap-
pers and confirmed non-nappers were asked to nap in the laboratory
during the day while being monitored by standard EEG and sleep labora-
tory procedures. We were able to capitalize on the extensive study of
napping patterns by using those extreme subjects who enjoyed napping
frequently or who consistently avoided napping because of the unpleas -
ant effects associated with daytime sleep.

Subgroups of nappers were chosen who seemed to represent,
by their questionnaire responses, either those who napped primarily to
replace lost sleep, or those who seemed to nap primarily for a variety
of reasons having little or nothing to do with fatigue. In addition, we
explored, in terms of reported slecp patterns, some issues related to
the incidence of napping in relation to both the previous and subsequent
night's sleep, as well as to regular sleep patterns,

Because morning, afternoon, and evening naps differ in terms
of the incidence of REM and stage 4 sleep (Maron ot al., 1964; Webb &
Agnew, 1967; Webb ct al., 1966), the laboratory nap was confined to
the afternoon period. The subjects' naps were restricted to one hour, as
this seems to be the modal nap length reported by college students

(Tune, 1969a; Lawrence, 1971).




Laboratory Nap Procedure

Recruitment of Subjects. From a total of 946 napptry question-

naires, each of 114 subjects, who not only qualified @ nayeoers or o oo
nappers according to the criteria described above but also had ex-
pressed interest in taking part in laboratory siccp 1o carch, wore seot
a letter inviting them to participate in a three and one-halt hour stuay
in the laboratory. If they were interested in participating, they wer:
asked to call to make an appointment. When a subjoect telephoned, fur-
ther background intormation was secured. It the subject had not partic-
ipated in previous psychophysiological research 1n the laboratory or in
sleep research elsewhere; if he was not currently 1 p-sychotherapy,
had not been in therapy within the last six months, and was not con-
templating therapy; if he was between the ages of 18 and 37: 1t he
learned English prior to the age ot 10; and if he was not tarxing any
medications daily, the present experiment was described to him.
“The purpose of this experiment 15 to 1nves-

tigate the physiological events associated with

sleeping in the daytime., The study involves attach-

ing several small eclectrodes to your head. Thesc

electrodes are very small disks, just about the

size of a dime, which are attached only to the sur-

face with water soluble paste. Other similar small

electrodes will be attached to your hands and
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chest with easily removable tape. We will then
record from these electrodes while you take a
brief nap in the laboratory."

Because the sample included non-nappers, questions occasion-
ally arose over the telephone whether the subject felt he would be able
to nap in the laboratory. In order to prevent undue concern about being
able to sleep, which in turn might interfere with the individual's ability
to do so, the question {(when it arose) was handled as follows: The
scheduling assistant emphasized that while we had found, when time
was set aside for that purpose, most subjects were able to go to slcep
in the laboratory, it was not essential for the success of the study that
they necessarily fall asleep; rather, so long as they were able to rest
comfortably they would be providing valuable physioclogical data needed
for the study.

No subject was scheduled earlier than 11:45 a.m., nor was any
subject scheduled after 5:45 p.m. Thus, the earliest nap in the study
began at 12:45 p.m. and the latest by 6:45 p.m.; while the arranging ot
the time for each laboratory nap session had to be within the limits of
the subject's schedule and his preference for when he usually napped,
a generally successful attempt was made to schedule most subject.
between 1:30 and 4 p.m.

Each subject was offered $5.25 plus $.75 for transportation tor
the three and one-half hour session. All subjects received a letter re~

minding them of their appointment two to three days before their

..
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scheduled session. The letter also stated that no medications (either
relaxants or stimulants) or alcohol should be ingested within 24 hours
prior to their scheduled session, that from the time they arose on the
morning of the day of the experiment they should not taxe any rest or

nap prior to arriving at the laboratory, and that while coffee or tea was

all right on arising, they should refrain from either after 9 a.m. on the
day of the study.

Procedure. When the subject arrived at the laboratory, he com-
pleted and signed a Background Information for Participation form which
includes the standard informed consent statement used in the labora-
tory. He also completed another sleep questionnalros further « xplor-
ing his general sleep habits. This questionnaire was desianed to
assess subjects’ standing on several dimensions of sleep satisfaction
which we reported last year.

The subject was then introduced to the first of three investiga-
torsb who spent some time explaining in detail the purpose of the study.
The aim of this procedurc was to establish rapport with the subject, to
cxplain the functions of the rescarch laboratory, and to inform him
about the laboratory sleep study. Again an attempt was made to reas-
sure the subject that, while the aim of the investigation was to study
aspects of daytime sleep, the subject should not be unduly concerned
about how long it took for him to fall asleep or even if he had difficulty
in falling asleep, as his resting comfortably provided important data

tor the study . This point was made during the interview with all

18,




44.

subjects, but was designed primarily for the protection of the non-nap-
pers, some of whom were expected to be unlikely to fall asleep. The
subject was not told how long he would have to sleep or rest, although
he knew the total length of the session to be three and one-half hours.
He was also not informed what criteria had been used to select subjects.
The subject then completed the long version of a questionnaire which
explored in detail typical sleep patterns and a variety of variables
associated with sleeping. Three of the eight pages of this question-
naire constituted the sleep diary described below, and only data from

these pages are discussed in this report.

Physiological Recordings. The subject was then introduced to

the investigator conducting the sleep session. He was given the Sub-

jective Sleepiness Scale. This is a 10-point unidirectional scale on 1
which the subject marked how sleepy he felt at that particular time.
The Position 1 on the scale was labeled "wide awake” and the Position
10 was labeled ”"the need for sleep is overwhelming; sleep is unavoid-
able.”
Standard sleep monitoring electrodes were explained to the sub-
jects as they were applied. Right parietal, right and left occipital EEG [

electrodes (C4, 04, and 03) were referred to the corresponding mastoid ;

using Beckman bio-potential mini-electrodes. The same electrodes
were used to record EOG from the left and right outer canthus to the {

nasion. These were the main variables involved in the scoring of the
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sleep records. In addition, heart rate was recorded using leads from
the left clavicle to the left ventral region below the ninth rib, and skin
potential was recorded using silver silver-chloride sponge electrodes
attached on the left hand at the hyperthenar eminence to a drilled site
on the dorsal arm near the elbow. In male subjects, abdominal and
thoracic respiration were also measured with strain gauges. In females,
respiration was measured using a slightly different method allowing

the strain gauge to go over clothing. In addition, for females finger
pulse was recorded instead of heart rate, using a LED-photo transistor
on the third finger of the left hand, first phalange.

The subject was encouraged to make himself comfortable in the
bed and, after the lights were turned out in the dark sound-attenuated
sleep room, the Subjective Sleepiness Scale was administered again
and oral temperature was also recorded. A two-minute eyes closed
baseline alpha-density period was recorded before the subject's nap
period began.

After 60 minutes elapsed, the subject was awakened by a loud
buzzer. In accordance with the previous instructions given to the sub-
ject, he was to immediately pick up a bedside telephone to turn off the
buzzer and indicate that he was awake. His reaction time from buzzer
onset to picking up the telephone was recorded as one possible measure
of the difticulty he experienced in arousing and orienting himself. This
was also compared subsequently with his EEG arousal latency trom when

the subject was still asleep at the sound of the buzzer until the

¥
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appearance of alpha activity. The subject was immediately asked “"How
long since I spoke to you last?" and then to make his rating on the Sub-
jective Sleepiness Scale. The subject was then given an evaluation book-
let containing a fourth Subjective Sleepiness Scale, a similar scale rating
how satisfying the nap was, and related information describing the nap.
After the electrodes were removed, he was introduced to a third investi-

gator who conducted the post-experimental inguiry.

Post-Experimental Interview. Crucial to the design of the study, this

inauiry was carried out by an experimenter who was kept blind as to whether
the subject had slept (according to EEG criteria) during the experiment, as
well as to the nature of the subject's original cuestionnaire responses and
categorization prior to the experiment.

The interviewer's task was to independently assess the subject's
sleep patterns and napping history. While the napping auestionnaire was
designed to help identify confirmed non-nappers, replacement, and appeti-
tive nappers, it was not expected that the acuestionnaire responses would be
sufficient as the sole criterion to select representative subjects in each
category. In the final analysis, a carefully conducted individual 1nter-
view was felt to be the best available means of validating the classifica-
tion criteria. For this reason, subjects were retained in the study only 1t
the blind judge's assignment based on the interview coincided with the

categorization on the basis of the questionnaire.

From the point of view of efficiency it would, of course, nave been




simplest to carry out the inauiry into sleep patterns before deciding which
subjects were to be invited to the laboratory. However, every cffort was

made not to focus the subject’s attention unduly on the importance of

sleeping in the laboratory; i.e., the sleep questionnaire had been admin-
istered as a parametric investigation and care was taken not to connect
the subject's responses to the request to participate in a laboratory sleep

study--which was usually made weeks later. In our view, to carry out an 4

interview focusing on daytime sleep patterns prior to the subject's sleeping

in the laboratory would have tended to prevent non-nappers from sleeping

and might also have brought about other unforeseen and undesired changes

in subject behavior. It seemed a reasonable trade-off to accept the reia- ¥
tively inefficient procedure of carrying out a criterion interview after the
individual had slept in order to make it relatively easy both to keep the lab-
oratory staff blind as to the subject's status and prevent undue concern on :

the subject's part about his ability to sleep during the experiment.

The interview typically lasted about 35 minutes. While the inter-
view was as nondirective as possible, it eventually proceeded to more
specific questions, depending on the information already elicited spontane-
ously from the subject in his comments about his experiences in the study

and his previous history of napping.

7
Results of Blind Categorization. There were 52 subjects who

completed the laboratory sleep study of which 7 were excluded ton

technical roasons..8 In 33 instances the blind judge's categorization
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was the same as that based on the questionnaire and these subjects
therefore met the criterion of the study. Nine of the 12 discrepant in-
9 .
stances were from the same group and may represent a special suh-
. 1 s .
category of nappers. The 33 subjects 0 who qualified for the experi-
ment and were studied in depth included 11 appetitive, 10 replacement,

and 12 non-~-nappers.

Sleep Diary. At the completion of the interview, the subject
was thanked and paid for his participation. However, before he
departed, he was invited to take part in a continuation study. He was
told that it wouid be helpful to have more detailed day-by-day intorma-
tion regarding sleep habits, and he was invited to take home a binder
containing 14 copies of a three-page sleep diary questionnaire { a capy
is in the Appendix). If the subject agreed, he was asked to complete
one of the questionnaires each moming for the next 14 days, prefer-
ably shortly after getting up. When completed, the diary was to be
mailed back to the laboratory in the stamped, addressed envelope pro-
vided. While prior to the request to complete the diary it had been ex-
plained that the laboratory napping study was complete in itself, no sub-
ject refused to take home the sleep diary. Subjects were paid an addi-
tional $5 in advance for their time in completing the sleep diary.

All except 3 of the original 52 subjects returned the completed
sleep diaries. However, in a few instances the diaries were not kept

on consecutive days, cither because of interruptions caused by colleage

3
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vacation periods, conflicting schedules, or forgetfulness. All subjects
completed the diaries the day after they had slept in the lab and most
of the diaries were completed in a minimum of two consecutive periods,
even if there was a delay somewhere in the middle of the period. Oriy
those returned by the 11 appetitive, 10 replacement, and 12 no:.-rap-

per subjects will be reported here.

Sleep Protocols. All of the sleep psychophysiological records

were scored independently by two judges who were blind as to the sub-
group membership of the subjects. The records were scored in 30-sec-
ond epochs according to the standards defined by Rechtschaffen and
Kales (1968). Discrepancies were resolved by a third independent

judge.

Results

Laboratory Napping: Physiological Concomitants of Napping

EEG Sleep Onset. It had been predicted that individuals who met

the criteria for nappers, either appetitive or replacement, would sleep
more in the laboratory situation than non-nappers, and that differences
in sleep patterns would be observed between the groups. We were sur-

prised at how readily many of the non-nappers actually slept, consider-

ing both the laboratory conditions and their normal tendency not to sleep
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during the day. In fact, only 3 of the 12 non-nappers failed to sleep
during the 60-minute period according to the standard EEG criteria.
In addition, 1 of the 10 replacement nappers did not fall asleep.
Because of the undue influence of non-sleep on many of the relevant
sleep parameters, and as the emphasis was on the nature and effects
of napping, the failure to sleep in these few subjects is noted, but
(unless specified otherwise) these subjects were eliminated from the

following analyses. Thus, the data below is based on 1l appetitive,

9 replacement, and 9 non-nappers., Basic parametric data in terms oI
length of time in various sleep stages, and the number of distinct
epochs of each sleep stage separated by at least 30 seconds of a dif-
ferent stage, are presented in Table 7.

Both appetitive (13.6 minutes) and replacement (11.6 minutes)
nappers fell asleep more guickly, defined by the initial onset of stage
2 spindles, than non-nappers (25.7 minutes; p <.02; p <.01, respec-
tively). Thus, our main prediction concerning the greater readiness of
nappers to fall asleep on demand was confirmed in the laboratory nap
using physiological criteria, just as it had been repeatedly confirmed
from the questionnaire data.

There are secondary ways in which sleep onset can be observed,

particularly by the appearance of slow rolling eye movements (SEM)

which is usually coincident with the onset of desynchronization of

alpha (Oswald, 1962; Paskewitz & Orne, 1972), and with the initial

onset of stage 1 sleep marked by the totally alpha frec desynchronized
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TABLE 7
Parameters of EEG Sleep in Neappers and

Non-Nappers During 60 Minutc Daytime Nap

4
]
i i
EEG Variable Non-Napper Appet Replace - .
N=9 N=11 N=9 t-tests 1
4
i
Sleep onset (mins.) 25.7 13.6 11.6 N > (A,R) "
Time in Stage 1 3.4 8.1 4.4 A > (N,R) .{
Time in Stage 2 16.5 16.0 18.6
Time in Stage 3 13.1 15.7 19.0
k|
*
Total sleep time 33.0 39.8 42.0 R>N i
i
No. of Stage 1 epochs 2.7 7.0 2.6 A > (R,N) K
No. of Stage 2 epochs 1.3 2.6 1.9 A>N
No. of Stage 3 epochs 0.6 0.9 0.8
No. of awakenings . ‘l
> 3 min. 0.1 0.6 0.4 A>N 1
i

Note: All differences p<.05or better, except where * indicates ‘
p <.10 for specific comparisons. Groups enclosed in parentheses :
indicate that each of the subgroups differs from the other group(s)
opposite the inequality sign.
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fast amplitude EEG. For both appetitive and replacement nappers the
onset of SEM (after 7.50 and 6.71 minutes respectively) and the onset
of stage 1 (after 8.36 and 6.54 minutes respectively) was significantly
faster than for non-nappers (SEM: 21.6 minutes; Stage 1: 23.7 minutes;

p <.002 for all comparisons). However, in spite of the similar total

length of time asleep, discussed below, stage 1 onset lasted for 3 and 5
minutes for appetitive and replacement nappers, but only 1.4 minutes 1n
non-nappers. Incidentally, while this was almost all of the stage 1 ob-
tained by non-nappers and particularly replacement nappers, it was only
about 55 percent of the stage 1 sleep obtained by appetitive nappers. ’

Some significant aspects of this finding will be discussed below.

Sleep Stages. There were no significant differences between
the total length of sleep (either including or excluding stage 1 onset
in the definition of sleep) or time spent in stages 2 and 3 among the
three groups. Even though nappers fall asleep more quickly in the labo-
ratory, their nap is not necessarily longer than that of non-nappers. How-
ever, at least for the appetitive napper it is quite different in its
structural characteristics. Many of these features can be scen in the
sleep profiles for a typical subject; a representative cxample for each
group is shown in Figure 1.

Appetitive nappers had an average of 8.1 minutes of stage 1;

significantly more than the 4.4 and 3.4 minutes obtained by tne replacement

napper and the non-napper subgroups respectively (p <.10; p <.05).
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FIGURE 1

Slecp Profiles for an Appetitive Napper (A), a Replacement Napper (B),
and a Non-Napper (C)

These sleep profiles are for the 60-minute laboratory nap period for typical subjects.
Length of time is plotted in ecach of CEG-sleep stages (defined on vertical axis):
Awake, Stage 1, Stage REM, Stage 2, Stages 3 and 4 (delta) sleep.
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There were typically 7 such epochs scattered throughout the nap, com-
pared to less than 3 each for the remaining 2 groups (p <.05; p <.05
respectively). While 10 of the 11 appetitive nappers showed this
cycling phenomenon (as rated by a blind judge) only 9 of the remaining
25 subjects showed it (exact p <.01).

Differences in the occurrences of stage 1 and the tendency to
cycle through light sleep stages noted in nappers in our earlier report
were confirmed in the present study. Thesc earlier results are further
clarified because it is clear that it is almost entirely the appetitive
nappers who cycle repeatedly through stage 1. Stage 1 is sometimes '.‘
referred to as drowsiness, or sleep onset, and is frequently associated
with the hypnagogic reveries that accompany sleep onset.

The appetitive napper has more epochs of stage 1 in his nap,
and as a result he spends more time in stage 1, particularly after
sleep onset, than other subjects. However, he also has more epochs
of stage 2 and stage 3 than other subjccts. The appetitive napper's
sleep is therefore quite cyclical, relatively unstable or poorly developed
in terms of the usual orderly progression of sleep records. He has more
than 11 changes in slcep stages in 40 minutes of slecp, compared to
only 4 or 5 such changes in the 33-42 minutes of sleep of the other
subgroups. Lawrence (1971) also noted a high frequency of sleep stage
changes in her study, but it now scems clear that this cyclical, prrhaps
lighter sleep is experienced primarily by the appetitive napper.

While the tendency toward rapid cycling between stage 1, 2,




and awake is particularly pronounced among appetitive nappers, no
data is available which might clarify the reasons for this interesting
psychophysiological response pattern. It is possible that for the appeti-

tive napper in particular the greater amount of time spent in stage 1 as

a consequence of cycling allows for more hypnagogic reverie wnich,

in turn, may satisfy psychological rather than biological needs.
Observations made in the previous sample where it was seen that ¢ven
brief periods of napping significantly reduced anxiety and increased
surgency in habitual nappers, may be relevant. Anccdotal data would
suggest that these kinds of naps may facilitate problem solving.
Another aspect of cycling would seem to be that it allows the individual
to remain in light stages of sleep and remain vigilant vis a vis his
environment. In delta sleep, auditory thresholds for awakening in-
crease greatly compared to stages 1 and 2; further, significant perfor-
mance decrements are scen immediately on awakening from delta epochs--
while no such decrements occur when an individual is awakened from
stage 1 or 2.

Previously it was suggested that one of the possible differences
between habitual nappers and non-nappers was in the incidence of delta
sleep. Further, thcre was some indication that nappers who entered
delta sleep during a relatively brief nap reported that particular nap as
an unsatisfactory experience. It seemed plausible, therefore, that
habitual nappers had learned to inhibit delta sleep in brief naps while

non-nappers failed to inhibit delta sleep during a brief nap, and the




consequent discomfort would account for their wish to avoid napping in
its entirety. In the present study we have been unable to docume::t an
association between dysphoric affect on awakening and the presence of
delta sleep. This may in part be related to the somewhat longer period--
one full hour--which was available for the subject in this instance.
Another difference between the present and the previous study
which had initially not appeared to us as important may turn out to have
a very significant role. In the earlier study subjects were awakened
five to twenty minutes after nap onset and asked whether they had been
asleep and how much time had transpired since the light had been
turned out. In retrospect, it appears that this procedure elicited cycling
behavior even in partially sleep-deprived subjects. It may well be that
under circumstances where the subject expects to be aroused he seeks
to prevent himself from entering delta sleep. When he nonetheless does,
it tends to be associated with dysphoric affect. This is, of course, an
extremely tentative speculation, reflecting the serious lack of para-
metric information against which to evaluate the psychobiological
nature of particular napping episodes. While in the present study it
seems clear that napping serves different functions for the appetitive
and the replacement napper, future work will need to determine what
occurs when appetitive nappers are sleep deprived and thereby {orced
to utilize napping for replacement purposes. Self-report data indicates

that appetitive nappers are able to do this successfully but as yot we

lack any information about the physiology of naps in the same suliects
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that are required to serve different psychobiological functions. We
anticipate that as these issues become clarified we will better under-

stand the function of delta sleep in the context of _relativoly brief naps.

Other Physiological Differences. In addition to sleep latency

and sleep patterning, other physiological differences were neted be-
tween the groups and are summarized in Table 8.

The napper groups each had lower oral temperatures (around
98.4°) at the beginning of the nap period than did the non~nappers
(98.80;_3 =2.35; df = 35; p <.05). Across all groups of subjects, oral
temperature declined during the nap period. This decline, however, was
significantly greater for the replacement nappers (~.44°) and particularly
for the non~-nappers (-.619). It is not clear why the non-nappers had
such high initial temperatures. Since temperature normally declines
during sleep, and even in the evening hours before sleep onset, 1t 1s
possible that the lower temperatures of nappers was one indication of
their readiness to fall asleep quickly. Altematively, the significantly
higher levels of physical activity during the 24 hours preceding the nap
(both compared to their own daily average and that of other subjects)
could account for the higher initial temperature of the non-nappers.

This could have been the way the non-napper tried to prepare himscelf
to be able to nap in the laboratory. It could also partially explain the
sleep onset problem for the non-napper: perhaps sleep does not tend to

occur unti] thisg initially high temperature is lowered.




Comparison of Nappers and Non-Nappers During

Laboratory Naps on Related Physiological Variables

TABLE 8

Non-Napper Appet Replace | t-test &
:
Oral Temperature (°F) |
Pre-Nap 98.79 98.48 98.38 | N> (R,A) ¥
Change after nap - .61 - .16 - .44 N> A F
l
Skin Potential ;
* *
Pre-Nap -30.9 -43.4 -30.4 A>R ,N
Change after nap 13.0 21.9 13.1
Alpha Density Percent i
Pre-Nap 49.8 77.4 70.2 N< (A,R) E
‘
Change after nap +9.7 +2.1 +8.3 N> A l

Note: All differences p < .05 or better except where * indicates

p < .10 for specific comparisons.

Groups enclosed in parentheses

indicate that each of the subgroups differs from the other group(s)
opposite the inequality sign.
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Basal skin potential at the start of the nap was significantly
more negative for the appetitive nappers than for the other subjects.
As expected, at the end of the nap period all groups had less negative
skin potential than at the beginning, and there was no longer any dif-
ference between them. However, these electrodermal changes must
be interpreted cautiously since there was a considerable amount of
missing and unscoreable data, particularly after the nap.

Of particular interest was the finding that nappers had greatcr
percent time alpha than non-nappers at the beginning of the nap; H>nce
again, the change from before to after the nap obscrved for the appeti- t
tive nappers was less than for the other groups. Alpha density remained L
significantly lower for the non-nappers throughout. Incidentally, as
the alpha density baselines for the appetitive nappers were so high,
it seems unlikely that the light sleep cycling noted was due to diffi-

culty in discriminating awake from stage 1 (which would be more diffi-

cult with low alpha levels).

These data suggest that appetitive nappers show less physio-
logical change as a function of the nap than -~ «i. . replacement nap-
pers or non-nappers. This stability is in part a function of the "non-

arouscd” baselines at the beginning of the nap. The extent to which

S

this contributes to the positive subjective effects ot the nap 1or appeti-

tive nappcts is a question of considerable interest.

In gencral, the relatively few differences botween the rappers

e T e e

and non-nappers in physiological variables are mostly duc to the




different style of cycling sleep that occurs with appetitive nappers.
The naps of the replacement napper and the non-napper were not par—
ticularly different in terms of the EEG distribution, confirming our
impression that napping for replacement subjects is more typical of

regular sleep.

Subjective Effects of Laboratory Naps

Sleepiness. FPour times during the experiment the subjects
were asked to rate, on a scale from 1 to 10, how sleepy they felt at
that time. Prior to electrode attachment, nappers in genera!l rated
themselves as sleepier than non-nappers (t =2.21; df = 35; p <.05).
The mean initial sleepiness rating of appetitive nappers (5.35) was
significantly "sleepier" than non-nappers (4.00; p <.10). However,
replacement nappers (4.73) did not differ from non-nappers.

After the electrodes were attached, immediately after awaken-
ing from the nap, and again after electrodes were removed, there were
no significant differences among the groups. The {final ratings for
appetitive and replacement nappers and non-nappers of 2.54, 2.44,
and 2.89 did not differ significantly. However, nappers rated them-

selves significantly less sleepy at the end of the nap than at the be-

ginning of it (p <.005; p <.05 for appetitive and replacement subjects).

The change from pre- to post-nap sleepiness was not significant tor
the non-nappers.

Nappers showed a significant "waking up" etffect; significant
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decreases were observed between the third scale presentation inimedi-
ately after ewakening, and the fourth given after electrodes were 1
removed. Thus, to the extent that these ratings can be interpreted
reliably, appetitive nappers were sleepier than other subjects at the
outset of the laboratory nap. All nappers were less tired after slecpina, %
though this was noted after they had been awake {1 several minutes. ¥
1
In general, non-nappers reccived no subjective benefits from the nap,
lceling about the same as before it,

Depth of Sleep. No differences in ratinas of depth of sleep ¥

during the nap werce found between groups, whether at the end of the
nap or at the deepest subjective point during the rap. That the slecu
was considered to be reasonably deep was indicated by the mean
10-voint scale ratings of 7.8 and 8.3 for nappers and non-nappers

tespectively .,

Satisfaction with the Nap. After awakening, subjects were

asked to report on a scale from -5 to 45 their satisfaction with the nap.
The scalr was preszented again after electrodes were removed and sub-
jects had moved around in the laboratory. Nappers reported being
tignificantly more satisfied with the nap than non-nappers during both ;
the first (+2.59 versus +0.78; t = 4.50; p <.002) and second (+2.78 ver-
sus +1.28; 1 = 5.05; p <.001) presentations of the scale. Thus, nap-

pets in general cxpresse ] satisfaction with the nap, whereas the




non-nappers did not: their initial rating did not differ significantly
froin @ zero rating, indicating a subjective neutrality about thoar sloop,

Appetitive nappers and non-nappers felt more satisficc afte:
breing awake for a period of time than after first awakening. Iiowever,
replacement nappers did not change their satisfaction ratings.

A scale similar to the satisfaction scale, asking subjects 2o
rate winether they were fecling worse or better as a function of thw
nap, was also presented twice. The correlation between the initial
"satisfaction" and "feeling better* scales was .75 for the whole sam-
ple. These scales seem largely redundant from the subjects' perspec-
tive, and a parallel set of results was obtained with the "feeling vetter”
scale.

These results seem consistent with the depth of sleep ratings,
indicating that the subjects, with the exception of replacement nappers,
tuok a little time after awakening before the positive subjective effects

01 the nap were noticed.

Arousal Time. An attempt was made to cxplore this "slow
arousal” by examining two reaction time measures made immediately on
awakening: {a) time taken to show any EEG signs of arousal and (b) tir-
taken to answer the loud phone next to the bed to report their subjective
sleepiness rating.

The fastost LEG arousal time was obtained in the non-nappoer

aroup (0,57 econds) thouah this differed significantly from only the

A AL silmins,




appetitive nappers (0.87 seconds; t = 1.76; p <.10). In fact, replace-
Lont nappers had the slowest reaction time (1.24 seconds) but as a
jroup were extremely variable. Phone reaction time, however, wa:
significantly faster for appetitive nappers (3.88 seconds) tharn for non-
nappers (5.44 seconds; p <.05) and replacement nappers (6,92 seconds;
o< .05).

An index of arousal lethargy could be derived as the difference
between the time it took to reach the phone less the EEG arousal time.
As would be cxpacted from the subjective ratings, appetitive nappers
awoke taster (3.01 scconds) than replacement and non-napper subjects
(5.68 and 4.87 seconds respectively, p <.025; p <.20). As appetitive
nappers were predominantly cycling in and out of drowsiness and light
sleep, this is not altogether surprising.

The interpretation of these findings, however, requires consider-
ahle caution. For the combined sample of 29, speed of recovery rom the
nap, as indexed by the difference between EEG and phone arousal reac-
tion times, correlated positively with whether subjects were awake at
the end of the session (0335 p <.05), how tired they were before the
Corp hevan L = .39 p < .02), and decrease in oral temperaturce durine tia
nap (£ = .44; p <.01); negatively with the length of time in stage 2
(-.3%; p <.025) and stage 3 (-.36; p <.05) sleep, and waking alpha

density both before (-.39; p <.02) and after (-.36; p <.05) the rap.

The tatter correlation may only mean that @ measurc based on ELG

arovsal, doefined by the presence of alpha, may not be a very good




Leastro i ~vojects generating little bascline alpha.

Accuracy of Subjective Time Estimates. In our previous report
w. had tentativels cound evidence indicating that nappers and ron-nap-
DO nay boe using different criteria for what they consider to Le sleep,
at toast wi il vapping . This evidence was derived primarily from
ctata 1 olving ostimates of how long their laboratory nap had lasted.
Aviraging 5 subjects over 7 days, we found that nappers were more
qocnrate in estimating sleep time if stage 1 onset is excluded from
.o LEG criteria of sleep. However, if stage 1 is 1ncluded in the
sleep criterion, thon the non-nappers were significantly more accurate
o1 thedr estimates.
The results in the present study are not as clear-cut. The
prosent nawp length was 60 minutes compared to 30 minates for each
.ap in the carlier study; and the data are available for only one nap
1ather than an averaue of eight naps. In gyeneral, nap length esti-
1atns in this study were highly variable in all groups (more so in non-
rper - aad tess so in appetitive nappers). Subjects tended to overesti-
tiono. cong they had been asicep in terms of either way of defining
o leep,

lis-tepancics in the subjective and EEG estimates of sleep

sted in Tigure 2, both excluding and including stage |

en of sleep. Allowing for the tendency toward over-

+

. tue trend of the data was similar to the previous
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analysis; however, none of the differences between nappers and non-
aapper:s, not the ditferences between the ditferent types of napper:s,
wore sianitficant--partly because of the extreme variability of these
ostimates.  In general, appetitive nappers overestimated sleep length
when stage L was excluded, but underestimated when stage | was
included (t=9.28; p <.00001). The replacement nappers underesti-
mated sleep length regardless of how total sleep was defined. How-
ever, non-nagovers overestimated sleep time by ¥.3 minutes.

Subjective time cstimates of sleep onset, and the number of
times the subjects awakened during the nap agreed closely with the
LLG data. Replacement nappers tended to overestimate the length of
time it required them to fall asleep by 4.25 minutes (t = 1.98; p <.10).
Appoetitive nappers and non-nappers estimated sleep onset accurately
within | minute, cven though the latency to sleep onset in these two
~uboroups was quite different.

In genoral, subjects quite accurately reported the number of
times they thought they awakened compared to the EEG data. However,
appetitive nappers reported that they were awake fewer times than the
ELG recond indicated (where EEG awakenings were defined as being
ireater than  three minutes' duration). The tendency to underestimate
dequency of awakening (6= 1.99; p <.10) may be in part @ tunction of

t.oappetitive napper's definition of what constitutes sleep, particularly

wiile napping.

Al e,




Some duggestive Trends from Correlational Data

We woere particularly interested in determining what factors
mght predict whether the subject would be satisfied with the lavora-
Loty najp, and the extent to which these predictors were different tor
the three yroups of subjects. We were also interested in which of the
variables other than EEG sleep stages might differentially relate to tie

\
ritie spont in the different EEG stages of sleep during tne nag.

1
s

Recovery from Fatigue., While several ratings of recovery ifrom

fatigur were taken, the difference in ratings on the [U-point scals
asking how sleepy the subject was at the beginning and end of trie ses-
sion seem to best reflect recovery from fatigue. Tor the non~napper,
anly the subject's judgment (but not necessarily the EEG evidence) that
he was awnite at the end of the 60 minutes correlated with the magnitude
»ithe recovery from initial fatigue (r = .62; p <.10). The longer tne re-
clacoment napper felt it took him to fall asleep, the less recovery from
iatigue ne reported (= -.068; p <.05). In contrast, the appetitive nag.-
ner who folt 1f took longer to fall asleep was much less tired after nap-
i L= 0575 p <L 10), particularly if he rated himself as sleeping deen -
by (0= .07 p <.05), and slecping for a lona time (0 = .54; p <. 10).

The appetitive napper also felt the nap helped him overcome his initial
tiredness it he awakened slowly. Whether the fecling of being les: tire:
was a function of the tendency to cycle and derive benefit from staace |

moentation is not clear, but could account for the difference betwe: o

app-titive and replacement groups.




Satisfaction with Nap. Subjects rated how satisfied they wrre

with the nap on a -5 to +5 point scale after they had time to fully cro
from their nap. In general, non-nappers, as reported above, were 1ot
as satisfied with the nap as were other subjects. Higher satisfaction
ratings were given by those non-nappers who had lower initial oral
temperature {r = .68; p <.10), little change in alpha density from pre-
te post-nap baselines (g_ =.67; p<. 10) and rated themselves as sleern -
iy lightly (r= -.66; p <.10). Nap satisfaction for the non-napper thus
had nothing to do with EEG sleep parameters as such., Replaceme:nt
nappers had a different criterion: they were more satisfied if they fell
asleep more quickly (r =-.60; p <.10), had more delta (stage 3) slecep
(r = .63; p <.10), and felt they slept deeply (r= .68; p <.05).

In spite of these possible differences in factors accounting for
nap satisfaction, replacement nappers and non-nappers rated nap satis-
roction higher if they had a slower reaction time to the phone Q = ,72;

P <.029 = .70; p <.05 respectively), i.e., if it took them a longer
time to respond after awekening. Similarly, the nap was more satisfy-
i the longer the discrepancy between the EEG and phone reaction tine.,
“ovich we tentatively considered to be an index of temporary disotienta-
von (r=.87; p<.00L;r=.67; p<.10 respectively). It is particalarly
significant that neither thesoe arousal variables, nor any physioloaicad
.leep paramoters, predicted nap satisfaction for appetitive nappers, and

rone of the corresponding correlations even approached significance.

The only two variables that correlated with nap satisfaction for the

(o,




appetitive nappers concerned the subjective passage of time. The
nap was more satisfying if the subject perceived the session to be
short {r = -.68; p < .05) and particularly if he felt he slept for a
shorter period of time than the EEG indicated he did (t = -.80; p <.01).
For appetitive nappers, satisfaction was unrelated to depth
of sleep (£ = .14), while for replacement nappers satisfaction in-
creased with sleep depth (r = .68; p <.05), and for non-nappers
depth had a negative effect on satisfaction (t = -.66; p <.10).
At the risk of overgeneralizing, nap satisfaction seems to be
a function of (a) the swift passage of time for the appetitive napper,
(b) rapid onset, deep sleep and arousal disorientation for the replace-
ment napper, and (c) metabolic factors (low temperature, EEG “relaxa-

tion, " etc.) along with post-nap disorientation for the non-napper.

Predictors of EEG Nap Parameters. There were some differences

betwoern the groups in those variables which were related to the basic
s sleep parameters recorded during the nap.

(d) Latercy to spindle in sleep onset: Replace-

st vappers who el asteep guickly were more satis{iod with the nap
(C=.74; p<.00), but woke up more slowly (r= .80; p < .0025). Non-
nappers who fell aslecp anickly had less sleep the previous night

(t = -.62; p < .10). None of the physiological variables investigated
predicted stecp onset for appetitive nappers.

(b) Time in stage 1 sleep: Replacement nappers who




obtained more stage 1 were more tired before the nap (r = .72; p <.02),
and awoke more slowly {(r = .80; p < .0025). Non-nappers with morc
stage | also awakened more quickly (f = -.06; p <.10). Again, there
were no correlates of stage 1 in appetitive navpers, except that the
amount «f stage 1 correlated .80 (p <.002) with the number of stage 1
epochs--a reflection of the appetitive napper's tendency to cycle
through light sleep during his nap.

(c) Time in delta (stage 3)slecp: Replacement nap-

pers with the most delta sleep reported they slept more deeply (£ = .66,
p <.05), felt more satisfied (r = .63; p <.10), awakened more slowly,
and experienced more disorientation, There were no important corre-
lates of delta time for appetitive nappers and non-nappers.

() Total sleep time: Except where noted above, there

wrre no important correlates of total sleep time.

(¢) Time awake at end of nap: Appetitive nappers were

s disortented at the end of the session if they had been awake 1or
aome time (= -.57; p <.10). Non-nappers who slept longer "last
bt aed wiho bl rore epochs of stage 1 in theilr LEG nap 1o0ond wore

e boeeoly o beoawalbee ot the ond of the session.

It i, ot conrse, not possible to tell how much we stoould 1ely on

Yoo carrelationg, based on extremely small samples and capitahizig
Lounraown degree or chance fluctuations, where the deviant 1esporn: o
o even only one subject can radicallv alter the magnitude ot a correla -

Lion, At least most of the results highlighted above seem consistent

P
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with other characteristics of the different types of subjects outlined -
throughout this report. Such data provide the basis for additional ‘

hypothesos regarding napping that can be tested empirically in later f

studics.




4, 15-DAY SLEEP DIARIES

The subjocts who participated in the laboratory napping study coem-
pleted a sleep diary questionnaire for 14 days aftcr the napping session.
Thoir first home diary report was always completed the day after they had
varticivated in the laboratory nap study.

There were several aims during this part of the investigation: (a)

Wo werce interested in the day~by-day variation in such variables as slecep
length and onset, and the quality of sleep. There are a few scattered
studies which have had subjects in different populations report daily
sleep patterns. The recently available thesis by Lawrence (1971) is
probably the most comprehensive. (b) The diaries allow us to compare
daily sleep patterns in napping groups, and provide a@ means of confinn- '

ing the validity of some of the statements made in the original napping

questionnaire in which typical day" ratings and estimates were made. 1

The adequacy of such data depends largely on the care with which such 4

diarive arc kept. (c) We wished to explore the relationship between the
sccurrence of napping and its effects on nighttime sleep patterns. This .

mvolved two kinds of data., First, we examined the offcct of the labra-

| tory nap on the subscquent night's sleep, There are a few studies ox-
vioring the EEG stages of night sleep in terms of whether naps occurred

At certain times during the day. (Karacan ¢t al., 1970b), but we were

primarily concerned with the subjects’ self-reported patterns rather

‘han, at this time, EEG-monitored night sleep. Only limited aspects of




Kleitman et al.'s (1937) early study bear on this question., While thesc
few studies attempted to investigate the effects of napping on the sub.-
sequent night's sleep, no studies have addressed the relationship of

the previous night's sleep patterns and napping. Such data are likely to
shed light on possible reasons why subjects checose to nap, or not to nap,
ol a certain day.

An exploration of these issuecs was expected to clarify some of
our callier results as well as providing some insights regarding waen and
why scme people nap some of the time and what attributes can be mean-
ngfanlly isolated that affect its incidence and enjoyment,

The problems of obtaining reliable self-report data of this kind
arc well appreciated, and given the small samples of the present study,
although compensated for in part by how carefully the subjects were

selected, render this an exploratory investigation at best. Nevertheless

‘

such an intensive sleep diary over even two weeks has infrequently been
roported g the literatare, except in the specific context of collecting
remembored dreams, and we know of no similar attempt to keep any cou-

socatun records roelated to napping behavior.

General Procedure

The special sleep diary was derived from the Patterns of Sleep
Questionnaire that we had been using in other work within the laboratory.
A copy 15 oattached in the appendix. A broad range of questions using a

iirarked vaniety of item-format was employed. Some redundancy was
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involved in order to check on the reliability of the reports,

All subjects filled out the longer version of the diary (but in-
cluding the same questions aslied in the samc consecutive order as on
subscquent days) after they first arrived at the laboratory and were
introduced to the purpose of the study. It was completed before the
nap period, and asked quecstions about the night preceding the labora-
tory nap, as well as the preceding day. This first completion will be

referred to as the pre-nap diary. Any major variation in response from

this day compared to the subsequent sequential two weeks presumably

reflected in part anticipatory reactions to the nap they knew they would

attempt to have within the laboratory setting.

On some rare occasions some subjects indicated some sracial
difficulty or anticipated atypical sleep patterns (e.g., impending exam-
ination periods, special vacation periods, etc.) in which permission
was qgiven to skip a scries ¢f days, as long as this was so indicated.
flowever, the first quest.onnaire was always ftilled in the night after the

laboratory nap, and this will be referred to as the post-nap diary. The

folowing 13 day:. provided a bascline describing the subjects' actual
J !

slecp paramcters and habits., H
Of the subjects comprising the main subgroups analyzed in the |

srevious section, 12 non-nappers, 10 appetitive nappers (1 missing) and

 roptacement nappers (2 missing) were analyzed. The threc diaries

pot analyzoed were not returned on time, but were all cventually obtained :

(though t'icy were not completed on consecutive days).




g1,

Several methods of data reduction are being conducted, bLut arc
not all completed. Pre- and post-laboratory nap days werc compared
for the different groups. A .3-day mean score on cac: variable was
calculated for each subject, providing a mean baseline sleep perform-
ance for each subject, 12

A more complex series of analyses centered on the use of
"target” days. A target day nap diary was one which was filled out the
morning after the subject had a nap, whereas a target no-nap diary was
one filled out following days on which no nap was reported during the
preceding day. A comparison of the mean performance {on a particular
variable) based on all of the target day nap diaries with the target non-
nap diaries allows a comparison of napping groups in terms of the con-
scquences {on sleep parameters and satisfaction) of napping compared
tu Lot napping. The first two diary days, which preceded and followed
the laboratory nap, were not, for obvious reasons, included in this
~ind ot analysis, although separate comparisons were made of these
two special days. Adopting a similar logic, the parameters of slecy
which imay have been determinants of the decision to nap on a particular
day could be explored by analyzing the diary records completed on the
morning on which the target nap occurred {i.c., referring to the day and
aigit before the nap or non-nap took place). While this preceding night's

slecp paramcter may have been in turn influenced by the preceding day's

decision to nap or not nap, sample sizes were too small to assume any-

thing other than these contingencies averaged out over the two groups.




It =should be noted that the napping questionnaire discussed i
n the carlier section concernced typical® or "gencral" self-
. porte T naneing and sleep characteristics. The sleep diary asked
specitic gquestions within the same broad areas about "last night” or

yocierday.”

Slesp Paiterns during 15 Diary Days

Nappers versus Non-Nappers. There were relatively few dif-

ferencer i the day-to-day sleep patterns reported by the various groups.
This result may have been anticipated in view of the results already ¥
reported showing relatively few differences in habitual slecp patterns
founs on the napping questionnaire. In addition, any differences that
are specifically a function of napping would be minimized in such a
comparison because some days on which naps occur are averaged with
cther Jdavs on which no naps occur.  Presumably for these fatter occa -
210N, rany of tne napper subjects could reasonalbly be expected to have
siecp pattorns quite similar to those of non-nappers, While some sve-
cific comparisons will Lo made in the following scction, 1n general,
eans aerived tranoaveraging responses over 15 days were quite simlar
and remarkably consistent with corresponding results obtained from the
sriginagr napping questionnaire that asked similar questions concerning
tyvical conditions.,

some differences between nappers and non-nappers were found

which sermed internally consistent. The nappers reliably rated themselves
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as bling more sleepy at the time they filled out the diary than the on-
nappers (p € .02), aithough there was no overall difference in the

tne ot dav the diaries were completed.  Thoey also reported tiiat they

could readily fall asleep at the time they were filling out the diarics

.
A

.1301) if they kad the opportunity to do so. Nappers rated therm -
selves on a 10-point scale as sleeping better "last night” (€.3¢) tian
e noa-nappers (6,805 p < ,02).

Non-nappers reported it typically took them 20.6 minutes to fall
ssliop at right compared to 17.91 minutes for the nappers (£ = 1.4t

< ,10). In particular, the appetitive nappers fell asleep X = 15.4)

faster than the non-nappers (p < .05). Whilz these times surprnised us,
they comparce favorably with the mean of 26 minutes latency reported tiv
Lawrcnce (1971) using a similar approach. However, thesa acteal
15-dav average reported sleep onset times were about 5 minutes siowuer
than ropoctod on the napping guestionnaire for cach gmuu (sce fable 1),
In gcaerai, both appetitive and replacement nappers firiled oot
the diaries in much the same way. Appetitive nappers tended to rate
Lacmscives as nuch siwcepler in the morning than the replacement nappers
(L= 1.92; p <€ .001). Tnere were also very few differences between

appetitive and replacement nappers.

Difterences between Pre- and Post -Nap Diary Reports

Tmportant differences hetween the responses of subjects on the

sleep diary on the day they slept in the laboratory (and the precedn
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night) compared to the responses on the day (and night) after they slept
in tne laboraiosry o o onteg on fables v, 10, and 11, Comparisons
with the Us-dav baselbie e an {Oxcluding the pre- and post-nap nights)
are also summar:<ea, Prom these tables it is possible to draw some
conclusions regarding the rciative benefits or 11l effects of the labora-
tory nap i. the napper and non-napper groups, as well as to check on
the dogre2 to which the pre-nap diary was typical of the average diary
ri:sponses,

Table ¢ summarizes the descriptive paramecters of sleev onset
and length for the pre- and post-laboratory nights, compared to the
average of the 13-day diary baseline. There are no major significant
differences between groups. Some non-nappers had considerably more
difficulty sleeping after the laboratory nap. That night they took an
additional 11 minutes to fall asleep, and slept for about 25 minutes
less tiran they typically did during the diary perniod. For both mcasures.
th2 high degree of variability between subjects precluded statistical
significance, but post-sleep variability in sleep onset time was much
greater than the bascline average or the pre-nap mean (p < .01). It
scems that the nap actively interfered with the night sleep of at least
some non-nappers. Although the differences are smaller, the appetitive
napper curtailed sleep both before and after the laboratory nap, but
this was less apparent for replacement nappers. However, while the
nap lod the replacement napper to take longer than usual to fall asleup,

the appetitive napper fell aslecep more quickly after the nap. Whilc

o
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TABLE 9
Coumparisons of Estimated Sleep Parameters for Appetitive (N = 10),
Roplacement (N = 8), and Non-Nappers (N = 12) for Nights \
Preceding and Following Laboratory Nap Compared to
Two-Week Sleep Diary
3loop Diary 13-Day Avg Pre-Lab Nap J Post-Lab Nap Raccline :‘ B
( . :
Estimated Time . N-N  App Rep N-N  App Rep | N-N¢  App Rop. ;
— — o= —_ - ! " I i '
Time to bed ; | '
last night 0i:01 | 01:06 01:07 | 01:07 01:12 ; 01:25 00:57 0112 Cuziv )
»
Time awake . .
today 08:46 | 08:30 08:48 | 08:35 08:10 § 08:55 08:25 ; 0715, Mgt
|
Hours slept ‘?
last night 7:12 7:04 7:22 ¢ 7:01 6:42 7:04 ; 6:42 or3l | 7S
| | | '
Minutes to . :
fall asleep J»;zsa.z Ll8.7 19.7 | 27.7 16.5 | 206.3 40.5 115.5 jZ;»..‘
[, —— I S : ——— i e "

'
*Non-napper variance greater on Post-nap night than on Base 13 day or Pro-nap '
f~.g., F=8.82, p <.01 for post-night compared to baseline variance of minutes to ail ;

axleop respectively),

Nota, -=I'or any within group comparisons, differences between means are in-igrifi-
cant, although roplacement nappers are more variable post-nap. Betweon groun =ignifi-
cance tests arc not rocorded on this table, though there are virtually no suborou; dift v -
ences on any of these measures except for the greater variability of non-narpors, and
replacoment nappors to a smaller degree, compared to appetitive nappora.,

9These data cxclude 1 non-napper who did not sleep at all during the night att -
the laboratory nap. It is not clear whether this was related to the nap, or exclusively
due to the following day's craminations. This subject's data for the remainirg ngbts
was quite typical of the rost of the group.
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these differcences arce small and insignificant, they are consistent witn

data reported boiow comparing nap and ne-nap days over the slecp diarv
period.
Table 10 summarizes some of the within-group differences that

were found between pre- and post-laboratory naps concerning the quality

of sleep and assuciated daytime activities. Awvpetitive nappers typical-
1y reported obtaining considerable subjective benefits from the nap,
indicating that they slept even better than usual (¢ < .01), werc less
tired (;r < .U5), had less difficulty concentrating (p < .035), and were
lese {p < .001) sleepy "now" than usual (only about half of these 13 days
involved napping). Replacement nappers also reported sleeping even
better than usual (p < .02) and having little difficulty concentrating because
of fatigue (p < .0l). Thus, the nap had positive effects for both groups.
In striking contrast, non-nappers slept significantly less well than usual
(p < .05), more frequently took medication "during the preceding 12
houts {p < .0l--while these were not usually sleeping medications,
thore was a significant incidence of aspirin-type preparations), tended to
avor ) thoor uoeal levels of physical activity (p < .002) and reported that,
more thian usual, they were too fatigued to concentrate (p < .10). Thus,
the delcterious eifects of the laboratory nap on sleep onset and length of
sleep Hn the night after the nap may have been associated with some
phy:1cal and mentat impairment. This is, of course, why these non-

nappers profer not to nap in general.,




TABLL 1U

The Bffects of Napping in the Laboratory on the Subsequent

Night's Sleep Activity for Non-Nappers (N = 12) and

Appetitive (N = 10) and Replacement (N = 8§) Nappers

e e [ |
Night Night 13-Day Diffcrences and !
Sleep-Diary Variable Pre-TLab Post-lab Mean p (two-tailed) ‘
Nap Nap
- . —_ - e, . 4
Appetitive Nappers !
Sleep well last night 1.00 1.00 .91 (Pre, Post)> Bas.: E
p<.0l, < .01 » N
Fighting off slcep yosterday .70 .30 .32 Pre> (Post, Base) !
p<.Us, < LuUS | ]
Too tired to concentrate 5 h
yesterday .40 .10 .26 Pre>Post; p < .05 ! X
; 3
Take any naps yesterday .60 .80 .54 Post>Base; p < .10 | .
| Ls
Could you sleep now 1.00 .60 .72 Pre> (Post,Base): i )
p < .05, p<.00l i !
- -4’.
Replacement Nappers |
|
slecep well last nignt .88 1.00 .91 Post~Base; p<.02 !
Unasual onysical activity .00 .13 .20 Base~Pre; p<.ul ; E-j
Poc Lireo 1o concentrate 50 00 94 (Base, Pre)>Post; ! '\
, yosterday p<.05, p<.0I ik
! Could you slecp now 1.00 .63 .o Pre -(Post,Basc); { )
' p<.iu, p<.ol r ‘
b o e~ - — — e i
{ Non-Napper.: | ;
Slecp well Tast night .92 .04 .85 Pre»Post; p<.C5 :
flours sleop last niight 7.01 6.14 7.20 Basc™lost; p<.lt ),
Muodication fast 12 hours .00 .17 .08 {(Post, Base)-Pro: :

p<.20, p<.ol

Unusuaal physical activity (Pre, Basc)™Post;

.33 .00 .14

v sterday P05, p<, nos
Too tired Lo concentrate 33 a2 L9 Post>Base; 1
yosterday J ‘ * e J ) —J p<.20 |
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Table 11 summarizes in more detail responses to the four ques-

tions which turned out to be the most significant in discriminating

among the groups in terms of the effects of the laporatory nap. Non-
nappers reported sleeping significantly less well as a consequence oi
napping in the laboratory than they had either on the preceding night or

over the 13-day diary baseline {t =2.02; p < .05). There are no signif- i

'Y

icant differences between pre- and post-nap responses for either of the

napping groups. In fact, all of the nappers reported sleeping very well

~ 4

on the right after the nap, and this is typical of their sleep reports

.

regardless of whether they napped or not during the preceding day. ’
The non-nappers sleep more poorly after the laboratory nap than i
they do on ordinary days when they do not nap, and they also sleep fy

significantly more poorly after the nap than either the appetitive or re-

placement nappers (t =2.71; p < .02 for both appetitive and replace- |
ment nappers). Non-nappers also had more difficulty falling asleep the

night after the nap than they either had on the night before the nap |
(-.=1.80; p < .10), or during the 13-day diaries. Non-nappers also ‘
tended to awaken during the night more frequently than nappers follow-

ing the laboratory nap (t =2.26; p < .05).

Although non-nappers generally took longer to fall asleep over

the 13 days than nappers (t = 1.79; p < .10), this difficulty is accentu-
ated following the laboratory nap, particularly in comparison to the appe-
titive nappers (t = 1.94; p < .10). Thus, the non-nappers have considcr-

ably more difficulty in falling asleep, and as a group are much more




TABLE 11
I'he Lffects of Laboretory Napping on the Subsequent

Night's Sleep Compared to Typical Nights

Md you sleep wall lact night? (Yes, gscored 1; No, scored 0)

% Group ] Nor-Nappers Appetitive Replacement
Pre-Nap .92 1.00 .t8
Post-Nuap .64 1,00 1.00
13-Day Base .85 .91 .81
Aie Bow long Jld it take you to fall asleep last night? (Answer = minutes)
Group o Non-Nappers Appetitive Replacement
Pre-Nap 25.6 13.20 28.10
Post-Nap. 39.8 13.00 25.0
13~Day Base o 26.7 16.9 _18.1 B
How mamy hows ild you ececp last night? (Hours: minutes)
Group Non-Nappers Appetitive Replacement
Fie-Nap 7:01 b:42 7-04
Pust-Nap 1 6:08 6:52 7:05
l3-Day Base | 7:12 7:94 7:21

1t any time yesterday, vere you ever so tired that you had difficulty
concontrating on a task which you were trying to uccomplish?

Group Nen-Nappers Appectitive Replacement
Pre-Nap .33 .40 .50
Post-Nap o .42 L .00
T
13-Day Base | .19 .26 224 ]

oo,

=
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variable in their ability to fall asleep at night compared to nappers

(£ =3.31; p < .05)--they become even more variable on the night after

\ their nap compared to other nights (F = 6.83; p < .01). It is also inter-
wsting to note that the replacement nappers took longer to fall asleep
vLoth before and after the nap compared to their 13-day average. While
this tendency is not significant, their time to fall asleep is more vari-

ahble for both of these nights compared to their typical performance

{
]
{
(F=3.33; p< .05 pre-nap: F =14,44; p < .00l post-nap). This in- )
creased difficulty in falling asleep the night hefore the laboratory nap,
thgetiter with the poorer than usual night's sleep may well have been a
preparatorv response in view of the demand that was made on them to

sleep when they came to the lab. i

Not only did the non-nappers tend to sleep poorly and take longer

to fall aslecp as a consequence of the nap, but they also slept for a

shorter time on the night after the nap compared to the night before the
nap, or their typncal 13-day mean (t = 1.42; p < .20). While the reducticn
in sleep time is 53 minutes, it is only of borderline significance. How- i
cver, again as a group they became significantly more variable following
the nap (FE = 5.0%; p < ,01), and much more variable than all other nappers
(¢ < .001 in cach instance). In marked contrast, the length of sleep of !
both tho appetitive and replacement nappers did not differ either before or
after the laboratory night compared to their 13-day average.

Not only did the laboratory nap have serious conscquences for

the non-napper on the following night, but the laboratory nap seemed




to have positive conscquences for nappers. For cxample, in response
to the questinn, "At any time yesterday were you ever so tired tnat you
had difficulty in conceontrating on a task which you were trying to ac-

complish? ", Loth the appetitive and replacement nappers had signifi-

cantly less concentration difficulty on the day following the nap com-

parcd to the day preceding it (¢ =2.08; p < .10andt =2.83; p < .02,
resvectively). In contrast, there was a tendency for the non-napper to
have more ditficulty concentrating on the labeoratory nap day than on all
other occasions (t = 1.81; p < .10).

Other isolated differences between the groups were consistent
with these findings. For example, the nappers came to the laboratory ’
prepared to nap. In response to the question "Could you fall asleep
now? ', all of the nappers responded "Yes," compared to only half of the
non-nappers (t =3.39; p < .002). Thus, it seems the nappers have a
great Jdeal more confidence in their ability to take a nap on command
AN e non-nappers,

[n general, it can hc concluded that napping has a deleterious
~tfact on at least some of the habitual non-nappers, interfering with their
ahility to fall aslecp, the length of time they sleep, and the feeling of
naving slept well on the following night. On the other hand, nappers
cceomed to achicve some benefit from napping in terms of their own esti-
mated ability to function appropriately in relationship to the nap. :

The differencry between appetitive and replacement nappers were

relatively minor in terms of the consequences of the laboratory nap




compared to other occasions. However, it would be difficult for such
differences to show up in this kind of analysis. Nappers tended to nap on
one day out of cvery two while they completed the diaries, The conse-
gquences of napping during the laboratory time would presumably be no
different from their napping on other occasions; therefore, it would be
vredicted that the 13-day average responsce would be like the typical
response to any ong day on which a napper napped, and just as typical

13
of the days in which he did not nap.

The parameters of Napping--15-Day Sleep Diary

The basic parametric information about frequency and length of

napping, as well as information concerning the total amount of sleep per

nap, per night, and per 24 hours are presented in Table 12 for each of the

9
subgroups. These data have been adjusted to eliminate the effects of the
“aberatory nap: thus, the tetal sleep time data is presented for 13 days to
dhmate the effects of the night before and after the laboratery nap, as
woll as the laboratory nap itself,
Nap Frequency. The appetitive nappers answered the question " Did i

PPy

vou take a nap yesterday? " significantly more often than the replacement
nappers. Appetitive nappers took naps on an average of 52 percont of the

13 days compared to replacement nappers who napped on 40 percent of the

days (t_=1.56; p < .20). The two napping groups differed in the fro-

‘ quency of naps from non-nappers who napped only on 5 percent of the
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TABLE 1<
Caravetric Data (13~Day Diary) for Napping and Nighttiime Slecp
Non- Nappers
Varian Nappers @ Boppetitive | Replacemernt r
N=12 | N=1 N=9
D | 1 i _
Nap Parameters
‘ ,| o .- ' a
Freguency {13day) | .67 6.73 5.11 1.3¢
Length (minutes) . 68.00 ( 62.4 74.4 .30
; ! H
Time began (p.m.) 4:35 , 4:09 3.57 - =
Percent of 24 hour sleep .69 | 7.27 5.69 --
. ! _
X Night Sieep (Hrs:Mins.) '
1ours sleep: questionnaire 7:14 ‘ 7:49 7:38 2.25
Hours sleep: 13 night avg. 7:21 7:20 7:32 .9u
; H
Hours slecep: 24 hour avyg, 7:25 7:54 8:00 2.63*
Hours sleep: 24 hour variab. 141 : 157 131 3.38a
D Y 1 A
Ly-Day Totals (Hirs:Mins.) '|
|
; | ‘
Night Sleey. 95:36 95:24 | 98:02 .99 ;
| . |
Nap Sleep 140 7:30 ‘ 5:55 10.40
*
Total Sleep 96:16 102:54 103:57 2.02

.05
rrp gl

s excludes non-napper group.




Caye (p L e0001) tn cacn casce., During the 13 days appetitive noppers
tooka ccean of oL naps and replacement nappers g mean of 5.1 naps.
neiy Ol ot nay pors fatled to nap ot least twice during tne 13
vavs (Cdgintvacent o the mininum reguirements for o consistent napper).
i e napwed sovery day, but 7 of th-,‘&~ Il appetitive nappers, ard
v Ut 1A ppacen ont nappers napped oor more times (LS L o?).
Aamong oo LS non-napbers, a total of 7 naps occurred over the 13 davs.

e sunicet nappedd three times, although this wa: inconsistent with thee

criteria for non-nappers over longer time pericds, 4 other subjecty took

onic ey ecach during the two weeks,

Nap Time and Length. During the 13 days the two napper groups

, o , , . L ‘ 4

bhoegan their nap at about the same time, Appetitive nappers typically
A}

napped at 508 pom.: replacemoent nappers at 3:57 p.m. The standard i

doriation of the brme the nap commonced was almost exactly one hoor

'Or L appe titive and rertacement subgroups. Wil over Lalt of the 83

naps taken by the 11 appetitive and the 55 naps takon Ly the 8 1eplace-

ment napper occurred netween 2 pam, and 3 pan, (58 porcent and 3i

poreent, rosvectively). Onlv 3 of the 134 naps recorded sy both groans |
i
' 4

S nappers occurred after 8 vom. The distnibutions of naps for morming

(b a.in, to 2 pom.), carly atternoon (2 p.m. to 5 p.niL) and early wen-
mg (5 p.m. to 8 v.m.) did not differ between the groups. For appetitive
and roplacement nappers, the length of the nap tended to get shorter as

the aav progressed. Naps before 2 pom. lasted on the average T4 and &




minutes; frem 2 p.m. to 5 p.m., 56 and 75 minutes; and only 50 and

32 minutes resrectively between 5 p.m. and 8 p.m.

Napping and Total Diary Sleep Time. In the napping question-

naire, it was reported that the tihree groups did not differ markedly in
the amrount of sleew thev regularly obtained at night, On the sleep
diary subjects were asked to indicate the time they went to sleep and
tie time tney woke up, as well as the length of sleep each night during
the Z-wNe~k period. It is clear from Table 12 that the mean actual report-
anount of sleep and the more general estimate of sleep length in the
Guoeiionnaire agree surprisingly closely, varying by 7 minutes or less
for replacement nappers and non-nappers. However, the appetitive
nappers obtained 29 minutes less sleep each night than they actually
reported regularly recceiving, but this difference was not significant
(t=1,02).

This basic information does not really tell us whether the tota!
amount of sleep these subjects obtained in any one day is different
Ihecause it ignores the time they spent napping. When mean daily nap
length is added to mean nightly sleep length, a slightly different picture
¢merges. While non-nappers obtain about 7 hours and 25 minutes of
sleep per night, the appetitive and replaccment nappers obtain about 8
hours (F =2.02; df =2, 29; p < .10). The appetitive napper is much
morce ariable than any of the other subjects in his total sleep time

T =3.81; p < .05).

e i
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fhesce same data are presented in a different way in the bottom
part i Table 12, wnere the total number of hours of sleep actually ob-

tasned during toe 1 3-day period, with and without naps, is tabulated.

In fact, of tho total slecp obtained over 13 days, the appetitive

nappers obtain 7.3 percent of this by napping compared to 5.7 percent

for the revlacement nappers, while the non-nappers get less than . € :

percent of thewr sleep through napping.
To our knowlaedge, this is the first study that has looked at the 1

extent of napping in tenns of one's total sleep time per day or over a

period of time. While the proportion of time spent napping even for these

froquent nappers is low relative to the amount of sleep obtained at night,

it is particularly striking that it remains a sleep segment that is important

et of proportion to the time spent, both in terms of subjective satisfac-

tion and, as we have shown elsewhere, in terms of its recuperative v

jalue., ¥

The Conditions for and Ccnsegquences of Napping

O f the primary reasons for conducting the sleep diary survey
was to investigate the cffects of napping on slecp satisfaction and sleep {
parameters, One tactic would, of course, involve having subjects sleep ‘?
~vernight in a slcep laboratory on days on which he did or did not nap.
This is an appropriate but expensive procedure, and would not necessarily

answer many of the questions involving sleep satisfaction variables which .

we feel are central to an understanding of népping behavior and sleep
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efficiency. Consequently, the home sleep diary was selected as an
.mportant source of preliminary information.

Two questions have concerned us so far. Frirst, what arc the
conditions that occur during a 24-hour period, particularly in terms of
nighttime sleep parameters, that are associated with a decision to nap
or not to nap? Second, what are the consequences of napping, com-
pared to not napping, on the subsequent 24-hour activity, particularly the
night's sleep after a nap, and also in terms of the reasons for napping?
wWhile we would predict that the parameters of slecp on the nights pre-
ceding and subsequent to the nap have little effect on the occurrence of
napping in the appetitive group, we would predict that the duration and
quality of a night's sleep is crucial to the likelihood of napping for the
replacement napper.

These analyses are complex, and are incomplete., Three
strategics of approach to the question have been initiated, and can be

vlustrated.

2
Frequency of Napping. Multiple contingency X analyses have

been conducted on the frequency of napping and non-napping in relation-
ship to the different subgroups and some parameters of sleep on preced-
ing and subsequent night sleep, This is illustrated in Table 13. This
table analyzes the frequency of napping as a conjoint function of three
variables: (a) appetitive versus replacement napper types, (b) whether

or nol a nap was actually taken on a particular target day, and

A ed




TABLE 13

47,

Last night's sleep time
compared to 13-day average

Relationship Betwoen Loength of Sleep on the Preceding Night and the Likelihood of

Napping on Subsequent Day in Appetitive and Replacement Nappers (N = 13 Night-

Nap Day Combinat:ons, Summoed Over Subjects for the Four Contingency Possibilitics:
Night 3icep Dichotonized at Subject's Own Mean over 13 Diary Days).

Shorter Longer X2 p <
L0 Appotitive Nappers: ‘
fOON an 35 40 75
.25 60
No Nap lakun 31 28 59
g Replaccment Nappers:
|
i
Yook Nap 29 17 46
g .07 <,025
: No Nap Taken 28 41 69
e L — _ ]
2 1.
Soulce X df p < l
Total 12.11 4 .01 E
App-Rep vs Short~long .01 1 ns g
App-Rep vs Nap-No Nap 5.69 1 .01 i
Short-l.ong vs Nap-No Nap .89 1 ns l
T o
Interaction {(3-way) 5.52 1 .01
S, ;

_d



(c) whether or not the previous night's length of slcep was shorter than
or longer than cach subject's own 13-dey average, The data tabulateu
is the frequency of napping, or not napping, as a function of the twu
qgroups, and either long or short previous night's slccp.

. . ) 2
A maltiple contingency \ was calculated on this data and is

2
sumparized in the table. The total x7 of 12.11 is significant (p < .01).
awever, the data can be meaningfully interpreted only in terms of the
interactions within the partialled-out main effects summarized in the
table. There iv no difference in the frequency of short and long slecyp
length on the previous night between appetitive and replacement napyers
(primarily because of the way the data was dichotomized). Therc 1s alsc
no overall difference between the occurrence of napping or non-nap;iang a«
a function of a short or long sleep on tne previous night, but this resuit
. e . . 2
obscures the important significant interaction (x = = 5.52; p < .01) woc
suggests that the cifect of vrevious slecp length on the sabyogo oot
occurrence of napping differs for the kind of napper. bven thougs th
appetitive napper takes more naps in 13 days than the replacer nt ey
2 - . ,
(\" =5.69; p < .01), whether or not he naps bears no relationsing t . 1
. ) i 2 ) .
length of his sleep the previous night (x=0.25;p< .v0). Howeoer, o
the replacement napper there is a strong tendency for him not to nap it
5
he nad a longer than average night's slecp the previous night (7 =4, 7
p < .025). In fact, if he had a long night's sleep the previous night, he
is only about onc-third as likely to nap the following day than if he had

a short night's sieep, Similarly, there is a tendency for him to be more




likely to take a nap if he had a short night's sleep the previous night,
While this particular finding is important in its own right, and

is consistent with our definition of appetitive and replacement napping,

this also illustrates a powerful methodology for analyzing the relation-

ship between the likelihood of napping and various objective and sub-

jective parameters of the previous night's sleep and following night's
sleep in relationship to the nap, and the differences that occur between
the groups being studied. There are limitations to this approach, how-
ever: napping frequency is summed over all days for all subjects, and
it is possible that for some comparisons one subject with an extremely ‘
high incidence of napping or aberrant sleep patterns could unduly in-

fluence the results,

Napping and the Preceding and Subsequent Night's Sleep. The

2-week sleep diaries were divided for each subject into days on which

a nap was taken and days on which no nap was taken. Several diary
variables concerning quality and parameters of sleep were analyzed in
terms of those days on which naps were and were not taken., Nap day and
no-nap day values were averaged across each subject, and the resulting
means for each subject were then averaged over all subjects in both nap-
ping groups. This method of analysis averages across subjects within
the groups, and therefore cannot be unduly influenced by typical subjects

or more frequent nappers. So far, this approach has clarified our dis~

tinction between the different types of nappers.
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Appetitive nappers took longer to fall aslecp the night foilowinag
the daytime nap (t =1.77; p < .10). They slept 41 minutes less on
nights they took a nap compared to nights when they did not nap (p < ,20).
Flowever, they slept more soundly following a nap and awakened during
the night significantly less often (t. = 2.18; p < .05). In contrast,

there were no differences between the night before they took the nap and

the corresponding nights preceding non-nap days on any of these va.:-
ables. Thus, as predicted, a particular night's sleep activity for appetitive
nappers is not related to whether or not the subject naps the ncxt day.

A different picture emerges for the replacement napper, Whilc
the appetitive napper takes an extra 6 1/2 minutes to fall asleep after
a nap, the replacement napper instead goes to bed an hour later
{t =1.54; p < .20) but does not subjectively report having any specific
difficulty in falling asleep after a nap. On the day when he takes a nap,
the replacemoent napper gets up in the moming about 46 minutes earlier
than on days when he does not nap. He also slept 47 minutes less on ¥
the night before he naps than on nights when he docs not take 3 nap
(t =2.10; p < .05). In addition, he sleeps less well during the ot
if he has not taken a nap the previous day (¢ =2.23; p < .05). Thus, the
sleep diary confirms our original hypothesis that the replacement napper,
unlike the appetitive napper, naps in order to make up for lost slecp
time. It appears that he may well lose this sleep in the morning rather

than by going to bed late the previous night, However, this in turn may

be part'y a reaction to his having slept less well,
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Thus, these results indicate that appetitive napping is unrelated
to the sleep characteristics of the surrounding night, replacement nap-
»ing occurs in response to an abbreviated previous night's sleep, though

the shorter sleep length may be a function of earlier morning arousal.

Nap Characteristics and Sleep Onset and Duration

A third approach to the examination of the determinants and con-

sequences of napping is to examine the surrounding 24-hours' activities,

particularly pre- and post-nap sleep parameters, as a direct function cf T
nap characteristics, either in terms of satisfaction or parametric features. h.

.Y
As an example of this approach we examined sleep onset and sleep '

length, both for the night before and the night after the nap, as a func-
tion of the length of the nap itself. 1Is a short nap different in function
to a long nap? One possibility is that a short nap may have more of the
characteristics of a nap which is either involuntary and accidental, or
a4t teast of a feeling that sleep is so imminent and overwhelming that it
cannot be avoided or delaycd.

This question was investigated by dichotomizing nap length at

the subject's own mean nap length, and examining sleep onset and

‘uration of both preceding and subsequent night's sleep. The results
are reported in Table 14. Parenthetically, it was noted that the mean
time during the day that replacement subjects took either a short or a !

fong nap did not vary more than 2 minutes, but appetitive nappers com-

menced their short naps 37 minutes earlier in the day than their longer naps.
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TABLE 14

Sleep Onset and Length on Night Before

or After Either a Long or a Short Nap -
4
e —— . {
Night Preceding Night Following
Group N .
Short Long Short Long :
Nap Nap Nap Nap 11
Time_to sleep (mins) '
19
Appetitive 11 20.7 17.3 21.0 17.2 !
Replacement 8 19.3 19.2 18.0 13.8

e = e

Steep length (hrs.: mins)

Nppetitive 11 6:55 8:00 6:49 7:08

sk
Replacement 8 R 8:01 7:17 g:03 7:20 |
ed

< R
k<]
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As the long naps started on the average about 10 minutes earlier than

all of the naps of the replacement napper, it is possible that the
appetitive subject has two qualitatively different kinds of nap: a short
one which is primarily for pleasure or psychodynamic reasons and a
longer one that is combined with sleep replacement functions. The
appetitive napper was picked primarily for his psychological need of
napping, but this did not preclude some occasional replacement napping,
(although there were not any strong appetitive overtones allowed in the
replacement napper criterion).

While this hypothesis has merit, if anything the data for appe-
titive nappers suggests the short nap has more of the qualities of the
replacement nap. On the day preceding the nap, replacement nappers
who had taken a long nap had significantly less sleep the night before
(compared to their short naps, p < .01), However, for the appetitive
napper it is the short nap that is preceded by a shorter than usual sleeg
the previous night (p < .05). Although the appetitive napper is not
differcntially affected by a long or short nap on the following night (even
though, as we indicated above, he does sleep a little less after he naps)
the replacement napper reduces his post-nap sleep time by virtue of hav-
ing taken a long rather than a short nap (p < .05). Interestingly, the
appetitive napper gets more sleep both before and after a long nap than he
does before or after a short nap, again indicating that sleeping habits are
largely independent of his napping: perhaps his longer naps arc morc

dependent on such variables as whether he can spare the time,
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5. COLLABORATIVE STUDY: RECOVERY FROM FATIGUE DURING

PROLONGED CONTINUOUS PERFORMANCE

Our central interest has been the recuperative effects of sleep
on human performance and the restorative value of short sleep periods
as a means of recovering from fatigue. Our previous studies have been
concerned with the development of appropriate tasks to measure recovery
functions after relatively short periods of sleep loss. While these prior
results have been encouraging, they have been limited because of the
rcelatively short time in which subjects have been studied in the spec:al
context of the experimental laboratory. Qur conclusions about these
measures must, of necessity, be limited because it is clear that such
factors as circadian rhythms and motivation are potent factors that modify
human performance. Such factors could easily serve to obscure important
effects during short-term performance following moderate levels of sleep
deprivation.

We were, therefore, particularly fortunate to be able to include
our previously developed tasks in an ongoing study on performance during
continuously monitored long-term work-rest activity periods at the
Performance Research Laboratory founded by Dr. Earl Alluisi and cur-
rently directed by Dr. Morgan and Dr. Baker. Before describing this
collaborative study, the results of which are still being analyzed, some

appropriate background is necessary.




Performance Consequences of Fatigue

A number of previous studies have documented the deletenous
effects of sleep deprivation on performance (e.g., Naitoh, 1964). The
focus of such studies has been on the progressive deterioration ot
functioning as the individual is required to remain awake for lenger and
longer periods. We have sought to approach the question of how short
periods of sleep may reduce fatigue by investigating the recovery funcuion
in relation to performance. Such an approach obviates the nced for con-
tinuous monitoring during sleep deprivation, pemitting us to place more
emphasis on the physiological nature of the sleep period in relation to
its possible beneficial effects on performance. Our strategy so far has
been to bring subjects to the laboratory while fatigued, to see how their
performance benefits from short periods of sleep.

Much of our concern has focused on the development of appropriate
performance measur~=. Most investigators have concluded that individuals
who have been sleep-deprived even for considerable periods are able to
marshal their resources sufficiently to perform for short periods of time at
a level Close to their normal undeprived performance. The most successtul
attompts to document the eftects of sleep deprivation have invelved cither
veery long periods with no sleep (Williams, Lubin,& Goodnow, 1959), or
le ngthy performance tasks such as those typically encountered in a4 work
situation (Alluisi, 1969), or by the use of a continuous vigilance situation
(Wilkinson, 1968). Despite the fact that even moderate slecp deprivation

has olear and unambiguous subjective consequences for the individual,
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decrements induced by moderate deprivation on short-term performance

have been ditficult to document.

An encouraging exception was the study by Williams, Lubin,
and Goodnow (1959), who were able to demonstrate that subjects de-

prived of sleep for only 26 hours show a performance decrement when ’

A

faced with a task requiring the short-term maintenance of attention and

motivation. This held if the task was sufficiently demanding in terms of
cognitive ability. Performance on such a task does not break down com-
pletely but tends to become sporadic, with the most powerful dependent
variable being the omission of items. In view of sucn studies we felt it
might be possible to document performance effects in the laboratory which
parallel the subjective effect of sleep deprivation even when the amount
of sleep loss is relatively small, The appropriate task would require: 1
(a) a strong ccgnitive load (Williams et al., 1959); (b) experimenter J
pacing {Naitoh, 1969); (c) little feedback to the subject concerning the
adequacy of his own performance, thereby making it difficult for him to
accurately allocate his resources when fatigued. Two such tasks have

been developed which have produced encouraging initial results.

Descending Subtraction Task. We have reported that when

moderately sleep-deprived subjects were required to perform the b

Descending Subtraction Task performance improved following brief

i naps. The descending subtraction test requires the subject to keep

it mind and manipulate several items of information simultanecusly,




and mects the tirst of the critena listed above by providing a strong
voygnitive load.

In this task, the subject is given a 3 digit number, ¢.g. 503, and
is asked to serially subtract 9, then 8, then 7, etc., from the previcus
progressive total, saving each successive total aloud. After subtracting .

2, he bagins a new cvcle by continuing to subtract 9, etc. In crder to

accomplish the task successfully, the subject must keep in mind the par-
ticular number he has just said, as well as the number he needs to subtract,
both numbers peing altered with each successive subtraction, as fast as
possible. Three major error categories are losing track of the original
number, errors in subtraction, or errors in the choice of number to sub-
tract. Thus, the task allows the assessment of both speed and accuracy.
Tvpically, subjects who are alert and rested vield reasonably
stable and reliable performances on the task and have relatively little
difiiculty carrying it out when they are fully focusing their attention on
1t--a situation that does not obtain with fatigue or immediately co arousal

from sound sleep. The task has proven useful as a measure of performance

prior to slecep, during sleep and after sleep. We have found that subjects
who are tired, or who are awakened from sound sleep, enccunter con-
siderable difficulty with this task. We have demonstrated significant

verformance decrements immediately after being awakened from sleep,

when compared to baseline performance before sleep, and subsequent ‘

verformance increments when assessed 15 minctes after being fully i
awake. A highly promising aspect of our data is the finding that :




short="omt sleep, or napping, results in significan: parformance oo -

ments once the subject 15 fully awake,

Randomization. The Random Number Generation task has oeen

derived from cur work on the measurement of the monitoring and deployv- f
ment 7 numan attenrtion. The subject is asked to produce numbers 4
batwzen 1 ana 11U at random in time with a nietronome. The task 15 not
a usual or even an especially easy one for subjects to perform. It s
the antithesis of wiiat we are taught to do as we develop--to become
organized and predictable in our behavior, and especially 1n our pattern: ’!f
of thought. Success at the task would seem to require just the reverse--
th > contrullud non-patterning of thought. Though this task sounds simple,
it demands that the subject keep in mind the numbers he has gerneratad
ia the past-—~in order to avoid using any given number more than another, !
or repeating a number too frequently. Research reviewea by Wagenaar
(1972, has shown that the random number task has the potential of re-
ttocting alterations in consciousness, but the current available methicds

t analvzing randomness in humans were insensitive, and required subjects

o produce a large number of digits for analvsis, Our laboratory has de-

veloped a technique for determining randomness adapted from Tulving's
{1962) work on the organizational strategies of free recall, and developed
1 computer program for scoring the randomness of the subject's output

with as few as 100 digits in order to make this a practical procedure.

Anothor important aspect of this task is that it is well nigh impossible




for cither the subject or the experimenter to detect the relative changs
in raidomne 22 winch vecur. Thus, within a broad range of perfom.arnc
there is ne v winack to the subject concarning how well he 1= doing.
Finally, 1t ic possible to pace this procedure externally Ly insisi.ny that
subjects produce a number each second in time with a metronome.

Piiot studies had indicated that the randomization task was 1&ta-
tively inse. . itive when subject-paced; it varied with sleep deprivation
when exp.rir.enter-paced. We wished to add an additional cognitive
load to th=z perforiiance un the random number task. After experimenting
witl. a variety of procedures, we selected a two-hand coordination task
which subjects can learn to perform with no errors even when fatigued.
Subjects were trained to the asymptote criterion of repeated errorless
periormance and were then required to generate random numbers while
simultancously maintaining perfect performance on the two-hand coordi-
nafor. The background task of maintaining such performance on the motor
*ask requires continuous monitoring by the subject, and apparently serves
to make the random number task a far more sensitive measure of cognitive
apabiiity. We hypothesized that when an individual is fatigued, more
nf his 1~sources would be inveolved in maintaining perfect performance on
the moior skill, and thus less would be available for the generation of
random numbers. This hypothesis derived support when subjects were
askoed Lo generate random numbers while learning to perform the two-hand
coordimaltion task (Graham & Evans, 1973). Randomness was depressed,

compataed to basehme, when subjects first began to learn the two-hand

¥,




coord - etor tasy However, as learning proceeded, the motor perfor-
mance 1y coedoand randomness increased. When the coordination
task had b leamned soowell that it could be performed autumaticalls
1ad with oo ool 2ffort, random number generation returned to bascline,
Tiius, e randonticauoen task appears to measure the amount of attontion
involy ~d in the learming of @ joint task.
Tno esults reported by Williams and Lubin (1967) and of Graham

a4 Evans (1973) 1n conjunction with a series of pilot studies reported
‘asl vedr suyygosied that the combination of the two-hanc coordinator
md rancom cumber generation might well provide the kind of intellectua:
challenge which exceeds the capabilities of the fatigued individua!l in the
sense that he performs less than optimally even when motivated to main-
tain verformance. Thus, the ability to maintain randomness while simul-
tanecusly maintaining asymptote on a performance task, and the descending
subliaciion task were deemed sufficiently promising that they were included

arutopriate tasks in the collaborative study involving continuous per-

meanee during prolonged fatigue.

Susained Performance Research

The programmatic research being conducted by Alluisi, Morgan
wd their colleagues is concerned with the conditions under which con-
ronuous work luads can be maintained efficiently over long time periods,

~ometimes with minimal rest. This research has been based on the

e - ———



synthetic work methodology, which has been described by Morgan and

Alluisi (pp. 843-844, 1972).

The contribution of the synthetic-work methodology
to the assessment of human performance is unique i1n
that the tasks of the battery are combined--with use
of the 2-hr. time-sharing task schedule--into a syn-
thetic-work or job situation that is typically 8's
responsibility over periods of work-day duration (e.g.,
8 hr.) on each of 12 to 15 successive days. The per-
formances typically measured with this battery are
within the domain of work behavior; they differ in pre-
dictable ways from the test-behavior performances more
frequently studied (cf. Alluisi, 1969, pp. 53-60}. That
is to say, Ss approach a job with motivational, attitudinal,
and energy states that are characteristically different from
their approach to specific, relatively simple, short-term
test situations. With a suitable job such as that provided
with the present battery in the synthetic-work situation,
work behavior may be studied in the laboratory with many
(if not all) of the usual controls. This provides a more
valid basis for the generalization of results to man's work
behavior . . . .

They summarized the results of their first decade of research on sus-
tained performance, work-rest scheduling and circadian rhythms as follows
(Morgan and Alluisi, 1972). (a) Man can probably follow a 4-hour work,
4-hour rest schedule for very long periods without detriment to his perfor-
mance. (b) Tor shorter periods of 2 or possibly 4 weeks, a more demanding
4-2 hour work-rest schedule can be followed with reasonable maintenance
ot performance efficiency. (c) Man uses up his performance reserves in
following the more demanding schedule, and so is less able to mcet the
demands of emergency conditions such as th:  imposed by sleep loss.

(d) The circadian rhythm that is evidenced in physiological measures may

alsu be evidenced in performance measures: the cycling may be demonstrated




n the performances of overloaded operators depending on several spe-
citic factors. {e) The tasks in the battery and the methodology employed
. the synthetic-work approach yvield measures that are sensitive to the

manipulation of both obvious and subtle experimental variables.

The study being conducted was the sixth in a series of studies
Jaealing with the effects of continuous work and sleep loss on parforman-e.
It is referred to as SPADE & by Dr. Morgan's laboratory. 1ts aims were to
examine the ability of subjects to maintain performance dunng 36 hours of

continuous work, the extont to which four hour ot sleep 1s adequate for

restoriny performance to its baseline level, aad “h miteraction of sieep
loss and conunuous work witii the underlbvine < o3l rhvthn, . This par-
ticular study completed a parametric tnvestorats o0 e inter wcuon of

diurnal-cycling and continuous work, and date was 1o be 3 a.lable for
six crews of subjects, each of which began workiog .+ 3u-hour period
after continuously wourking for 4-hour intervals tiovoughout the z4-heur
day.
Procedure14
Subjects. Paid student volunteers were solicited and tien
assigned to either one of two possible five-man crews for the duration
of the study (the ABLE crcw and the BAKER crew). Assignment was on the
basis of academic scheduling commitments. Each crew received an

orientation to the study in an initial briefing session. At this time they

wore also introduced to the particular tasks thev would be required to




perfonm d.ouing the course of the experiment. The subjects wer. focated
amultaneously o five individual but adjacent cubicics, comfortanl,
ieated hefor their individual test panels. Th :y could hear cach uthe

but had no visual contact.

Multiple-Task~-Purformance Battery. The six separate tasks

which comprise the Multiple-Task~Performance Battery (MTPB) ar:: pre-

sented by ineans of a small, compact panel placed on the tables in front

of individual subjects. The tasks attempt to provide measures of general

verformance functions applicable to a wide variety of specific work situ-

ations. The ' rious measures each reflect some of several retevaat

dimensions: attentive and vigilance functions, memory and thie recaption--

transniission of information, sensory-perceptual and sensorv-motcr

performance, and interpersonal coordination, cooperation and urganizatiorn,
More specifically, the individual is required to perform six

activities: (1Y Monor and correct the status of s:veral stimulus lights

on the extremo Loft of the panel; (2) Monitor and correct the rate-of-

change of wiimuli at the extreme right of the panel; (3) Detect and corroct

bias-deviations in the continuous movement of puinters located i fcour

semicircular scales placed 1in the upper central portion of the parcl;

(4) Perform arithmetic computations by subtracting the third of three sets

of three-digit numbers from thc sum of the first two sots, presentaed

visually in the bottom central portion of the panel, indicating the answer

manually; (5) Work on a target identification task presented visually in
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re center of the can>l; () Work in coordinatio . with other g, =

[ 504

oocbtaining the solution i a randomly presented cov o =bhir s 3ot
saally located in tiie central right porticn of the pan.l.

The subject 1s res;unsible for the three monitonag tesk (o0-3) -
contiriuous basis, but performs the other tasks onlv part - {10 e,
(o work-demand schedule may be low, mtormedarate o b oo oadang
wiethv the subject 15 responsible for three, cor o rooor ta k.

asimultanceusty. Thus, in a typical two-hour poriod, th2 sobgs

crsponsible for 36 nunutes of wow level activity, oU min .t o5 -

necdzate activity ana 30 minutes of high activisy L a no-soguentiar 16T,

Collaborative Sleep Study Procedures

Tre ooliaborative study was inmtiated tor the pvose of providing

further information on possible performance alteration: esalt:ne fron,
continuous work and tong-term slecp loss as woell as cxnatmoan
potentially Leneliciar effecls artsing fron subseguent rocuver. fromn t ot

sleep loss.

Descending Subtraction Task. The suabject is given a jredetermaned

three~digit number and required to sequentially subtract from 1t the numbers
from mine to two, He is to say aloud the answer derived from each sub-
traction. Upon subtracting the final number two, he then begins the
sequential subtractions again from the number nine. He continues in this

fashion, performing mental subtractions and saying the wnswaors aloud,

el
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subyot' v e ponnes are analvzaed o rorme ot the mean tims oo toshe.,

e percent 01 wrrors mady in the three-minut, sk porioo.

Rundom Number Generation Task. The suricct 13 sk 1. vern.. s

A.L‘.F-l

generate . oscries of random digits using the nurbhors ron. e to

inclusive. He says numbers aloud, in time with a metroneme beat:ng 3

at the rate of one per secona, tor 105 seconds. Analysis is in tenr

L

the 8.0, (subjective organization) index described abe 7+, wWh.Ch rpreiae. '

a function of the fresiuency with which any number foilows any oiror noy -

bor compared o chance 2xpoectations.
4
Two-Hand Coordination Task. This task has o :on vt e ely 1
desenbod by M oclton (1947) and is one of the originag’ Aty £ 7 or. o s
tasks ased G tne oo Lection b atreratt personnel. The subipeo o colorpts .

to keep a contact atop a target moving 1n an irregular circular j.aiemn :
by turning twe Fand-cranks simultaneously. One crank mov_: the contadc

in a back or forward motion, the other at right angles from side te siac,

By moving the two handles at appropriate times, spoeeds and revolution

distances, the contct can be made to-move 1n any direction and ayppre-

priate speed in a 300Y range. Analysis is in temms of time-on-target

during the 120 scconds it takes the target to make two complete

revolutions.,




The conndiation task o5 presentd 1o the - abject aather Sopa-
ool cr e comtanation wet oy the randomieation tack, as descrniben below, T
o Gib i Condition, tne subyecr pertorme v coordinatls Lo tasn

ol oomultancously attempty to generate alead o wories of randon. wigits,

Iy the s, oo condition, tne supject performs cach task alone. Por-

turmanrce on the motor task wa. of no immediate interest other than
providing o conultaneous over-learncd task to proviue additional cog-

nithive load during the randomization task.

Tre Collaburative Experiment: Procedure and Method

The expoerin-ontal design of the study can be conveniently divided |
into four phases: (1) training, (2) interspersed-work-rest period,

(2) continucurs (3b-hoar) work and (4) recovery period 1atersprrsed-work-rest.

Training Procedures. Duaring the month of November, 1973, all
i ot pocved basehine troung on the multiple-task-perfonmance battery |
and also on the performance of the randomization and descending sub- 4‘
traction tasks. On the tirst day of training, subjects performed thv: x
descending subtraction, then the randomization task alone, and tinally,
the combined randomization~two-hand coordination task. They then con-
tinucd training, alternating between performance ot the motor coordination

tusk alone and performance of the combined randon: number-coordination

task. On day |, cach subject performed 13 two-minute coordination trials

iterspersed with 7 two nnnle combined randomication-coordimation trals.
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The final tasks of the session involved performing the descendiryg
subtraction and random nurniber tasks alone. Training continued on day 2,
and thereafter, until ~ach subject attained criterion on the combined task.
The criterion established was a demonstrated anility to remain on target
tor 115 of the 120 seconds fur four successive combined trials. This was,
a- it turned out, arno unfortunate modification of our earlier procedures.
We had previocusly insisted on asymptoted performance as perfect 120-
second error--free trials only. The liberalization of the criterion was
made 1n pais borcause of the difficulty of achieving the more stringent
¢oiterion with thic sample.

The subtraction and randomization performance data were recorded
both manually and by a tape-recorder. Time-on-target was manually

recorded from the clock attached to the two-hand coordinator apparatus.

Interspersed Work-Rest. The BAKER crew entered this phase of

the experiment beginning at 4 a.m, on January 1, 1974, For the next

48 hours they upuiated the multiple-task-performance battery panel on

a 4-4-4-12 alternaving work and rest schedule, This provided each sub-
jct with 1o hours of work experience and 32 hours of rest during this
phase of the study. The ABLE crew entered this phase of the experiment

at 4 p.m. on January 7, 1974 and they were treated the same way except

for the 12-hour clock-time displacement for each subject.

o
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Contingous (3b-Hour) Work. At 4 a.mn. on January 3, 1974 the

SAKER ¢ oow 5ccan the continuous work phase of the »xperiment. This
b b woikte - onlimuoasly over the next 20 hours. Subjects performed

at fow (25 ), ratermediate (207) and high (254) levels of activity per
Selc e nnod throwahout the 36-hour period. The ABLE crew enterad
Provse at 4 were, on January 9, 1974, Short food breaks were pro-

et Breatiy daring the low activity cycles.

Recovery Period Interspersed-Work-Rest. At the conclusion of the

oo bom o ol continuous work the subjects were allowed to sleep for a
postod ! hours. They then began another period of 48 hours during
wintch thoey aiternat.d work and rest on a 4-4-4-12 alternating work-rest
cyuwie. The BAKER crew cntered this phase at 8 p.m. on January 4, 1974
aud th ABLE crew at 8 a.m. on January 11, 1974.

Too exporim it was concluded at 8 p.m. on January 12, ly/4.

Expesimental Procedures. Beginning with the interspersed-work-

vest phave oty axperiment, subjects performed the above tasks during
tioce bow loveel activity portions of the major experiment. The apparatus

15 1nstaltied in a separate room, and during the last 15-minute period
ot low Toved activity and the following first 15-minute low level activity
porie:d o tie next two-hour period subjects discontinued their test battery
vobev it dad portona od the collaborative tasks. In the predetermined

sequec: e of Albna, Bravo, Charlie, Delta and Echo--designations «of
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individual team member positions--subjects entered tihe experimental room
and intsally portormed two two-minute combinea ¢ .ore.nation-randomization
tricis, Then they want to a different room for the o:parate tasks. Here
teow turned un the rape-recordaer, received th Ades~onding subtraction
cartine aumber and performed the subtraction task {or three minutes and
oo ocandenm number task for two minutes. Follow:ing this they returned to the
continuons work battery room to continuae with the maein experiment. This
sequence of avents continued for the 48 hours of the interspersed-work-rest
Lhave ol the experiment. In all, subjects performed the combined task a
total of 12 times, 1he subtraction task a total of b umes, and the random
number task a total wf 6 times. The c¢xception te the above secuance in-
volved waking subjects from sleep on two separaz. »ccasions to perform
the tasks. These data are included in the above totals.

During the continucus work phasce of the experiment, subjects
conionde 2 with the same task performance during low ievel acuvity periods.
hout, each subjo ol porformed 10 combined performance-randomization
trialy, 5 subtraction trials, and 5 random number trials during the 36~hour
contivions work phase of the experiment.

Tollowing the continuous work phase subjects siept ior @ total of
“yar hours. Immediately upon awakening, they entered the recovery period
vortion of the studv. During this phase cach performed 12 combined motor-
randon rzation trials, b subtraction trials and 6 random number trials. The

pro erre 1s outlined schematically in Table 15, and the main results for

ool penod ore summarized.

ol
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TABLE 15
Dathine ot Collaborative Sleep Study and Summary of Results on
Descending Subtraction and Random Number Tasks
' Time test done . Length Time | DST " RNG
prev. since = Time per Percent ' (during
Period Trial  Able Baker ' rest rest  Number errors A; THC)a
1 1800 0600 (8) 2 3.60 21.7 479 5
Training 2 0200 1400 4 2 3.45 18.0 | .34
3 100v 2200 6 0 3.55 16.3 | .363
1 lsuo 0600 12 2 ; 3.60 17.0 ‘] .352 |
5 ¢ 0200 1400 4 2 3.40 17.5 i .387 ;
) 6 i 1000 2200 6 0 3.30 1.4 L3457 I
P 1800 0600 2 3.00 6.3 .305 |
Deprivation & 0200 1400 10 3.20 14.3 . 349 :
9 1 1000 2200 18 3.1u 15.9 L340 i
10 1800 0600 26 3.30 15.9 L 24E ' 4
o 11§ 0200 1190 34 3.85 15.3 .389 1
12 | 0800 2000 4 0 4.15 18.7 . .334 | '
13 1200 2400 4 4 3.1 15.2 .354 |
Recovers 14 1800 0600 1 2 s.20 17.3 374 ']
15 | 0soo 2000 @ 12 o 3.3 o7 L sa |
16 1200 2400 12 4 2.85 14.2 2y , 1
N 17 1800 0600 4 2 2.90 1.4 . 307 N I

9The RNG and THC combined task has been completed to asymptote performance
on THC of 4 consecutive errorless trials (115 out of 120 seconds trial length) prior to
tih o phase of study.




121,
D -oorane Taptracuion Task

Data Analvs:s. LDach time the desceding subtraction " aon W es
poirforr o, e subyect' S TespUNS e wWoiD teCU T O i 1p gy Sn e st ]ty
shoet (aud clso oncaudio tape). The forms, togetoo Wt v apes, wers
sert to the Uint tor Expenmental Psychiatry, where als aate o ¢
tor the task was zarmed out.

Two rasearzih assistants independently lisiencd 10 the tcpes, a1

recorded the subject's responses. The data sheets ware then comparea,
and any disagreements rescored. Again independently, the assistants
plaved the tapas a second time, recording the length of time required fo:
cach subject to repeat the starting number, the length of time required to
produce cach block of 8 responses, and the point at which the 3 minutes
allotted to the task was completed. They then exanune” tne data sheet
for each repetition of the task for errors, and ciass.lied those orrors.
Data sheeots were then turned ovar to a third asgistant, wno
compared the two data sheets for each task poerformance and, 1n case
of disagreement, requested that the data be rescored. All rescoring
w.as dona without reference to the original scoring. Where d.uogreo-
ment a@s to crror classification occurred, the third scorer made the final N
decision.
Several dependent variables were derived from the data sheets:
mean time to produce each number, number of errors, percent errors, time

to repeat the starting number, items produced before the first error, and

frequency  of varwe s types ot errors. QOf these, mean time per number
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and percent ertors wi et most usefu mec s o A S
repotted below are basod onas on these score o,

Yo reduce tiie variance assoclated witn oo adual differences
o anthmetrcal ability, the mean and standara oo viaton 01 ol trials
Tor earh inchividual subject were computed; raw i3ty o ore iz Co. -
vorted to standard scores with mean of 50 and stancard coviauncn ol b,
Subsequent analyses werce based upon these standara scores. Roesllis
for mean time per number and mean percent errors are summari.caed it
I'igure 3 for each of the various experimental conaiticns. Date for but
subgroups are presented in Table 15. ‘;

Mean Time per Number

Training Period. No significant differences pbetweon the crews

were found during the training period (raw data) aithough tne ARLE crew
improved more ovor the two days than did tne BAKER crew (I = .28;

df = 1,8; p ~.05). The means of the four trials, twc on ~ac: day,
combining both groups, wuere 4.5, 3.9, 3.5 and 3.3 respectively. As
waould be cxpected, practice cffects were significant (= o067 df = 1, ¢

p o~ .01). '

Intermittent Work Period. Some practice effect: continued into

the intermittent work-rest period. Performance on day 2 was better than
onday 1 (F - 22.51; df = 1,8; p <.01). Thioughout this phase of the

sxperiment, the tack wasg presented o times, datnd Labjocts continacs o
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Intermittent Work-Rest Continuous Work Recovery

36-Hour Sleep Depriv.

FIGURE 3 '
Performance on Descending Subtraction Task:
A. Time per Number B. Percent of Errors

The relationships between the trials in terms of time completed, length of previous rest,
etc., are summarized in Table 15.




show steady improvement. Comparison of the initial (period 1} :nd
final (period 6) presentations during the intermittont work-rest phase

of the experiment indicated significant performance increment (L= ¢, 4
df = 9; p <.05).

Of particular interest was the effect of asking subjects tc ver-
form the task at the end of the rest period (periods 3 & b) rather tha..
during the normal work period (periods 2, 4, & 5). The difference
between the initial rest and work periods (trials 2 & 3) (t=1.71; df = 9;
p <.1U) indicated that the subjects may have experienced a greater
degree of difficulty in responding to the task requirements during the
rest period. This effect is similar to our earlier findings that awakening,
particularly from delta sleep, was deleterious to task performance. How-
ever, no such effect was observed for period 6, where ostensibly the
experimental conditions were similar. Unfortunately, we dc not know
whether, in fact, subjects were awakened to perform the task, or whether

they were engaged in waking acuvities of their own choice.

Effects of Sleep Deprivation. The onsct of the continuous work

phase of the experiment was associated with a sharp improvement in

~J1
~.
jo8
n
Se]

mean time per number produced (for periods 6 & 7, £t = 3.0
p < .01). We suspect that this improvement was due to motivationati
offocts. Subjects had been training for a considerable period, and may

well have considered the deprivation phase to be the "real" experiment,

I'rom this point into the 3b-hour continuous work, however, performance




on the task became worse (0= 6.43; df = 4,32; ¢ < .01). The Linear
trond was ighly signiticant (B =8.21; p . .01), tut n other trends
approached significance. Thus, performanc.: worsoncd monotei: ally

ds slecp deprivation ncereased.

Effects of Recovory from Sleep Loss. After four hours o ¢ siee

the subjects were awakoned to perform the task again. As wouiu b
expectod from our previous results, performance upon awakenit.g wos
even worse than at the most extreme deprivation period, although the
effect failed to reach statistical significance. Because no slecp data
was recorded, we arc unable to determine whether those subjects who
showed the most decrement in performance were also those awakenc
from delta sieop. Between periods 12 and 13 the subjects were required
to work at the porformance battery and were not able to sicep; perfermarce,
however, improved markedly. Of perhaps greatest interest, howewv:r, is
the dramatic reversal of performance trends, as reflected in this measure,
following 4 hours of sleep. During the deprivation phase a monotonmec
performance docrement can be observed (sce Firgure 3). During periods

12 and 13, however, when subjects were alse required to be alert

to work at the performance battery, performance can be seen to show
marked improvement under identical conditions. It i1s thus apparent that
providing subjocts with as little as four hours of rest after 36 hours of
continuous work had important consequences for the individual's ability

to pertormn the subtraction task. Performance continued to improve

[
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Dotwe cLoweriods zand 13 (U= LS dT s o Lo, Lnt ey

fthe vurdal measureme: o period (period 12y wooth che finag! penoa (17)
resalied g osigniticant increment an task performanc : (U= 40000 20y
P os . ol)e T espective mean time taken to produce each number oo tno
serics oo Trials 12, 13, and 17 were 4,15, 3.1y, and 2,90, By O fas
tial pecfone nee amlity had recovered to e Lovel observad at the

b

Lo g o the deprivation phase.

Puroent Errors

Por cach subject and each task performance, the numbr of «rioere
was scored and expressaed as a percent of the qumbar oltems proy . red.
Standard scores (mean = 50; standard deviation = 10} for eacs s.n
e ooanpated pased on all tnials, Results for this measure are consis-
Port waile Lo specd analvsiz, but not as vronudiicead. They drs s ummanroed
i Tarle w0 and Figure 4,

No sigarfreant changes i pereent errors were found auting e
training period. Thus, whilc speed improved, accwacy remained reia-
tively constant.

Accuracy improved during the intermittent work-rest phaso of the
experiment {¢c.g., between periods I and 6, t = 2.97; df = 9; p ~ .0i).
Most of the improvement occurred during the firsi two perniods . Asking
ihe subject to perform the task during a rest penod did not affect error rate.

Whilec mean time per number showed n.arked improvement at !y

Cagreatneg of the contrnuons work phase of the xXporine ut, prosm ab v




due te subjects' motivation, no such effect was ubserved using the puercerns
error score (U= .05). Deprivation had no effect on the percentag: of vrror.
mad..

Percent errors increased as a function of sudden awakening atter
four hours of sleep, although the effect was not cogafocant ¢ - 1o},
and then showaed a gradual improveneont. The tinal 3 periceas o sta-
ni{lcantly better than the first 3 recovery periods {F = 11,4 o = 1,3
p <.01). The overall recovery assessed by comparing porious 4 anG
{7 was highly significant (¢ = 3.36; df = 9; p ~.01). Thus, o et
effects of deprivation were not apparent during the deprivation vhas

itself, significant and meaningful improvement occurred as subi: 1=

recovered from slcep loss.

Random Number Generation

The random number generation task measures the cogrir o
that is expended while performing a simultaneous task. The yroater t' o
attentive effort required while doing another task, thon the greater the
deterioration in the subject's ability to generate r.umbers rawiony., 1
this study a cognitive load was imposed on the subjuct by having i
perform on a two-hand coordination task. Once this task is well over-
learmned, it has some of the qualities of carrying out a task "on aaton.atie
pilot," i.e., it remains relatively effortless to maintain the lovel of »haid
that has been previously acquired. Nevertheless, the degree ' cfter

required to maintain perfect performance presumably varies a: o tanction




of several factors, motivational and subjective, including 1atig. - . .t
speep deprivation,  rhus, when the subject 1s extremely tired we v L.
predict that much greater etfort is required to maintain poriect o1t ..
on the motor skill, leaving less attentive energy to be allocated to U

randomization task. Bocause there s little leedback as * o hew weil the

subject 1s doing ov the randomization task, 1t 1s less hiobv g v
attentive etfiort is primarily directed towards this task instead of towards
the motor task, which gives instant fecdback as to success and provides
onlv a fraction of a second to anticipate correction maieuvers whoo
obvious "error" is imminent., Of course, the choice 0. strategy in
determining which task is considered most important remains with the
subject, and could vary through the experiment.

The success of this methodology is contingent upon the adequacy
of the initial training and the degree of overleariing. Unfortunately, in
the present study there were problems in this regard. While al: subjects
wern able o maintain the asymptote performance much of the time, there
woere many trials for all subjects, particulariy through the continuous
work, deprivation and recovery periods, in which errors were made vn
the motor skill, and less than perfect performance was maintained. Thus,
performance on the motor skill was not at a level required by the assanp-
tiong of the measurc.  In our previous work, even after tewer training
Mgl , our subjects have boon able to mamtarn crrorless performance

while gen vating random numbers . Although thins war not so 1 the present

Stuehe, thiee may have beon due to an untortunat. sicecizaon to change the

aaliden o b A e e i it
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poovreware sho by Ratter than setting o perionaonce criturioon g

rte ol o 1240 scconds, tio aritorion INAICaH g Trammneg e e,
chiotnd was 4 successive toals at Ty seconds Gou-targ 1, v el 1,
"his was done in order to save some time during the training period,
the trials during the continuous work phase, which consiited of o i,

m . of 12 more combined tnals on the joint tasks before the deprivat:

piucedure, should have provided the kind of overlearning that we rofsirez.

That tnis did not occur and that the original training criterion was n..t
safitciently stringent may have produced results which seemed to ve
vensid rrably more variable within subjects than we have seen 1 oar
previous work.
Although the data analysis has not been completed, at least

three additiunal lactors seem to be affecting performance on the com-
bined RNG-TH( tasks. (a) The combined two-hand coordinaticn and
randomiza’ion tasks were done twice during «ach of the 17 tniais. Thes
W o i aiten! o reduce within-subjec. ariability, but, 1in face,
th- firot trial ander all conditions almost always procuced higher (poorer)

ab Lo zaticon mdicer, and greater within-groug venetahty than
ticmmedia by following second measure. We assune: this 1o a et -
vationat alfect wnich we have not previously observed 1y work wirl th:
task {(tneogh wee have not investigated it systematically). (L) There
scemed to be strong circadian factors affecting the resuits, For unknown

r:asons those triats that were done at v a.m. by the ARLE sungroup and

b oL, ad T opom. by the BAKER subgroup of cabhects vielded poors
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v oL et e, iuir sxzlored. Suosoan a.a. -.f 1 compLlo3tla. -
cogse the testing times during the o orecwvery trial: were disp.eced
2 hours from the testing t:mes of 11 continucus work and dewrivation
trials (i.c., what was initially a 6 a.m., etc., -{d-hiour ovcle eventua.
changed to an 8 a.m. cycle in terms of when suwj ot A thes - Lisks).
(2) Preliminary analyses of the results suggested that ndzg 2nceatls
the 5 deprivation trials there were difterences 1 randonizaticn scords
according to how long had elapsed since the lasi rost penoc. Trize
that were conducted within a short period after the temunation of a1 st
period were significantly better and more consistent with what we would
predict from previous results than those trials conductea atter longer
periods had elapsed since the last recovery period. Tho detarioration
of performance as a tunction of how long had elapsced since the subjects
rested 13 intrniguing and requires further systematic investigation even
i thys data. Of course, these subjects were working on the regular
vertermance battery continuously throughout these periods. The pouorer
rondomization scores and the greater within-subject vanalbality as tne
sabject bad been contimucusly working for longer periods of time coudd
be a function of fatigue, but this requires further testing.

These complicating factors made the present results difficult to

cvatuale.  Examimation of mean randomization scores tor both groups ovel

all training periods and tnals, without taking mto account the abeve

factor., dad not look promising. Howover, the e o consideratn e
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saavestd to us that we should limit our analysis 1o a replication. o
tne orleanal Graham and Evans (1973) finding showing the invuerse
relaticn-hirp petween overlearning and randomization. The effeot of
deprivaiion was compared to an appropriate baseline limited to thosc
rials which ware tested immediately after the preceding rest pernod.
The: o wore, 1n fact, Trial 6 which can be considerea an approprnate
oaa ts the overlearning period and in some ways the most appropriate
baseline; Trial 12, which is the trial occurring :mmediately after the
4-hour rest period following the 36-hour continucus work; aniTrial 1°©
in which testing is made after 2 additional rest pericds of 4 and 14
hours: i.e., a total of 16 hours of rest and 12 hours of intersporsed
i-hour work sessions, or 18 hours after the end of the deprivation period.
Two othor minor faciors should be borne in mind. We have nu
record of what the subjects did during the rast periods. They wer> S
tho opportunity to sleep, but may or mav not havoe aone sc. It was
reasonable to assume that most subjects would have slept for four nours
betwern the end of the deprivation period, Trial 11, and the end of the next
work period, Trial 12, four hours later. Secondly, even if the subioct:
were awakened to perform our tasks, we do not know how loung wniervenos
between awakening and the task performance. Both the subtraction anc
randomization performance may well be depressed if testing bugan within
seconds or even a couple of minutes of awakening. We assumc thesu

tests were given after full arousal, and this is particularly likely to be

i

¥

’_.L_-_:




b Qe EENE oo srandons e o e :
PN " oecending Cowntia o pe
ortr ot Duo oosion
i Lo o by g arscus sed ar reeroented o g L
A, abvesew oolined, anly o colals wers ngs
Cat v e s (L, e init b racsdom number performan.
cosomed Loy oserved as a baseline. (2) The first ume “ae tando "
(s moter courdinetion tasks were perform-ed together (after the s o
had practiced on the motor task alone for 4 ..uis and had typaca:
cndeved about 1 percent accuracy) indicated the extent of ony sireu
performance due to the feitial difticulty of the coording ion task.
(3) Trial b was co. leted during the contitieous wouk phias=e . oo
1400w rest petiod, put immediately beiole the se-thoor ool o
orpe ot on pertod began. This s the mor: Qo toate o
N dr ot cubjoors had comple o The conno o d o
v oo thine the b perfect" trial crien on, 12 Wl oo
e, g Lhe combined task wae completed after 54 he o o - \
|
ik owerh and total slecp deprivation (Troat 1x). (5) no 10) Trew {1
12 and 15 were performed during the recovery period. Thar 1o o voored :
!
irans diataele after the 4-hour rest period that foilowea the sh=-tova slecy ;_i
|
icprvaiion, Trial Iy came immediately after 4 Boars of weni i
i STRIE] ) B SRR
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WORK; SLEEP

BASELINE ACQUISITION DEPRIVATION RLCOVERY
PNG
Index
380
L300
L3404
.320r
| | i 1 | ]
RNG Alone First Trial 6 Trial 11 Trial 12 Trial 15
Condition Combined Pre-Depri- 34 hr. Post Recovery
THC vation work , Recovery

Asymptote Depriv.

FGURE 4

Random Number Generation: Interference during Continuous Work
and Slcep Deprivation and Subsequent Recovery

Ability to generate random numbers is shown during acquisition
and overlearning (Trial 6) of a motor skill (two-hand coordination),
its subsequent impairment during 36-hour sleep deprivation while on a
continuous performance regime (Trial 11) and its following recovery
when performed shortly after 4- and 12-hour rest periods (Trials 12
and 15).
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The overall analysis of variance comparing these six trialy
indicated significant differences occurred betw on ot least som. o F 6
trials (F = 3.3%; dt = 5,10; p < .025). The previous resclts or B,
and Graham (1973} were replicated. The initial baseline randomi. e,
index of .31y was significantly lower than the first combined trial .
2397 (L - 2.43; p <.025). (The standard deviation of the izl 1o
domization trial alone of .065 is significantly greatcr than the sur
of scores we have typically observed in our previous work of arcud ¢
This indicates the degree of performance impairment produced by
addition of the as yet unlearned motor task. At the end of the tra:, 1.
poriod when the subject had met the criterion of 4 consecutive "perfec.
trials while simultaneously saying random numbers (which took from ©
to 12 combined trial:), the randomization index on the combined trial
had recovered to .309, which is still significantly poorer than She s
basclire ({.= 2.060; p <.025). It had further recoverea +o (247 by o
Trial b o1s net segmbcantly different from the minal bas bine (U= 1. i
p <.20), but 15 significantly different from the dizrupted randomi..t
of the initiai combived inal (= .397; t = 1.uY; p <.05), indioa

that randomization ability was recovering towards the baseline |

the task was becoming ~asier.

As predicted, the randomization index on the combin-a
deteriorated markaedly after 34 hours of continuous work and sley oyan
vation. The miean of 389 is significantly worse than the rece 1

basclhine i Trial 6 (L= 2.30; p <.025). Thos impanment a the o




to deploy attention to an overlearned skill shows a dramatic recov. o

ol

cven atter only 4 hours of rest. The mean randomization index after
rosting for 4 hours (Trial 12) recovers from 399 ¢ .23349 t=2.u1;
P <.025), bul is certainly not different from either Trial 6 (t = .72;
p <.4V0) or the initial random number baseline (t = .77; p <.4U). At
ti2 next lZ-hour rest period, the mean index of 342 18, as uxpes -,
still significantly less then the sleep-depriv. 4 i paired perfonnanc.
(L=3.55; p <.01).'?

In general, these results both replicatz the original findings
(during the training period) reported by Graham and Evans (1375) and
tentatively indicate that this procedure might be a sensitive measur.
of fatigue and recovery from fatigue. A number of factors may conpl: -
cate the interpretation of data derived from this task; certainly, the pos-
sible citcadian effect and the increased variab:lity after prolonged work
and thair possible interaction with recovery from {atigue effects requirs

I

urthier investigation poth within the present data and in {uture studies.




5 UMMARY

While sleep has of course always been known 1o facilitate 1+ -
covery from fatigue, there are broad individual differences in total sle--
requirements; further, research has shown that sleepis not a nutary

chivnomenon wnd that different aspects of sleep miy have spesiiic rure-

tional roles. The present studies follow from the reaiization that jitile
data is available about how much and what kinds of sleep are «ssentia’

for its rejuvenating effects. However, some individuals can ir fact :tilize
short poriods of daytime sleep, i.e.h, naps, in a manner which allow:z

them to function continuously at a high level ©f comoetence for xicnded

periods of time. This simple observation challenges widely held essurn

i
tions about sleep needs and has major practical and theoretica! implications. ]
<
The studies outlined are concerned with clarifying the physiologica! «nd 1
3
psychological consequences of different kinds of nappinrg and tihc evalu-~
ation of some performance measures with which we have tried te wssess
the cognitive consequences of fatigue and recovery from faticue.

A sample of 430 normal young adult subjects were sdministered
an extensive sleep questionnaire designed to explore a numier of ~lcep
parameters in general as well as patterns of napping in particuluir. On
the basis of the questionnaire responses, subjecis belonging to threc
groups werc identified: (1) Replacement nappers are individuals who

utilize short periods of daytime sleep to make up for lost nighttime

sleep. (2) Appetitive nappers are individuals who nap frequently regard -




less of their level of taticue, Tor these the nap scerves importe .t
psychological tun:tions which lead to increased comfort ana cnercey,

apparently independent of sleep loss. (3) Confirmed non=-napper.. e frnci-

viduals who avoid napping because, for them, 1t fails to be & 7 stisiastor s v

of making up sleep loss. These individuals report that they ooner:. o
tecl werse at the termination or the nap than "hey felt & is 1o, cang .

Subjects who were initially classifica as typicel of s co three
groups were then further evaluated by an extensive post-cxperimantal
interview . Only if an investigator, blind as to the questionnaire resporses,
categorized the subjects in the same manner as they had been clsssiried
on the basis of the questionnaire were they included in an in-depth 1nves-
tigation of napping patterns. Thirty-three subjects categorized in tnis
way came to the laboratory to take a one-hour afternoon nap, allowing &.
evaluation of the physiological nature of their nap and an asscssment ot
the subjective experience following it. Finally, these same subjects
completed a 15~day sleep diary which permitted a detailed assessment of
the relationship between daytime and nighttime sleep and orovided indicu-
tions about the kinds of effects these types of naps had on how thev foit
and performed over this period of time.

A number of significant differences in napping patterns emerged.
Most striking was the tendency on the part of appetitive nappers to
cycle between different stages of sleep and respond more guickly to i
awakening stimulus. Whereas replacement nappers telt more satisfica

it they tell asleep gaickly, had more delta sleep, and felt that they had




slept deeply, the opposite was true for non-nipners, Most interesting,
neither arousal variables nor physiological slecp parameters predicteri
sleep satisfaction for appetitive nappers. They were inost satisfica with
the nap if they perceived the session to be short and if they juducd them-
sclves to have been aslecp for a shorter periog of time than wou!d have
been indicated by their EEG.

The final portion of this report describes a collaborative study
carried out in conjunction with the Performance Resczrch Laboratory of
the University of Louisville, Kentucky. This study compares tiie ravidly
administered cognitive measures of performance tnat we have been
using with the highly sophisticated continuous work environment as a
means of asscssing performance. Preliminary findings suggest ‘hat a*
least one of our procedures is remarkably sensitive to even :el.:tivel-:
inild sleep loss and dramatically reflects recovery from fatig:..o.

The aresent work scems to document two major kinds f napoing
activity., Clearly, napping can serve different important functions tor
different individuals. These functions are retlected in the kind of physio-
logical activiiy that characterizes the individual's nap in the ang of
subjective changes that follow it, Past work has suggestea that ner-
formance following the nap will similarly show differential ¢ffects. Tt
is hoped that as napping patterns are delineated and circumstances
under which naps are particularly effective are recognized, it will hecome
possible to teach more individuals to efficiently utilize napping to facilitate

recovery trom fatiguoe.
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FOOTNOTES
=
1Most questions could be quantified in one of three wa ;:

(a) ciock-time (using the 2400 hour system), or hours and minutc., i
in response to questions about nighttime sleeping and daytime .:; . g ]
paameters; {(b) rating scales--usually 4- or S-point, occasionuiiv i
;U-point--1n which the higher the rating the meore positive, freqa ot ‘ :
agreecable, or relevant the answer to the question; (¢) ves-no ]

answers--in which "yes" was always scored as "1" and "nc" as

"(Q"--on to questions describing subjective slecp variables. g
In addition, several open-ended gquestions wero included =

that subjocts could make additional comments where appropr:ate,

although 1ot all of these lent themselves to direct gquantitative an.'v 0 . “]

2We g grateful to Dr. Henry Gleitman, Uaiversity of

Pennsylvarn:, tor vis generously allowing s to givo the narvirng
Y y

guostionnab e to his class.,

Sall 1 ralues throughout this report for t-tests and correlatic o

e two-tatled,

4Comparisons of all 52 appetitive and 209 replacement nay v

(i.e., inctuding those 62 nappers who napped less than once a week,

or who did not find napping satisfying) yielded virtually identical




differences, although several differences were not as large as wh n

only the cousistent nappers are included.

“This sloep questionnaire designed by O'Connell (1964) ras
provided the basis for elaborating some of cur original 'yvpotneses

about subjective sleep satisfaction.

bThe experimenters were Charles Granam, who sorduct. ¢ the
ntroductory interview, Harvey D. Cohen, who complctaa the napp.ny
session and all of the associated psychophysiolegical mocedires
and relevant rating scores, and Frederick J. Evans, who cariied vt
the post-experimental inquiry to confirm the questicnnaire subgroup
allocation of the subjects. The latter two procedures are descniboed
below. Each of the investigators was blind regarding the gucsiio..-
naire-determined subgroup membership of each subject, and those
investigators had no access to the information gathered dur:ng ti,

other scegments of the procedure by the other two researchers.

7[-‘01’ differences between the three sclected subsample: to
achieve similar levels of significance, compared to the oricing:
large questionnaire sample, much larger mean differences bonween
grovps on the relevant variable were necessary. However, (i
results reported in the previous section were, on the whole,

confirmed at comparable levels of confidence.

T,

¥
h
'
H
!




The 12 non-nappers seemed to prefer fewer hours of sloep
chan the 40 nappers selected from the questionnanre {7 . 05), oo

“he nappers indicated they typically needod more shoop (0 hovr ot

s runutes) thaa the non-nappers (7 hours and 21 no e 2.0
7 .05). The 40 nappers typically felt slecepy, wont to mod, et

tshecp, ecarlier than the 12 selected non-nappers, as e 0o

g che remaindor of the 169 nappers m the origi: 2w rone
sample. The nappers typically felt sleepy at [0:32 .1, compoie!
*h12:54 a.m. for nen-nappoers (8= 3.36; p< L002). Thaoew oty Lb
woeet to bed o0 12:22 a.m. and fell asleep at 12:%> 3.0, , comirc:on

1o 1:09 .. and 1:55 a.m. for the non-nappors (0 - 2,32 ; ~ .02

and t = 5.,05; p< . 0L respectively). In contrast, there was loss taan

. \ . Y
10 minutes difference between the replacement and appoetitivee D6t
for eact, of these questions. However, thne nappers doa rot cocessar by
1
receive any more nightiime sleep than the non-nappoers, itheor o0
4
night hefore they filled out the questionnan., o b Gooopan,

regularly slept for 7 hours and 22 minutes compared to -~ rours a .
13 minutes for the 12 non-nappers. In gencral, these differoncen

are relatively minor in view of the fact that reportea total niunt sy

time is about the same for cach subgroup.
:
These nappers showed an even greater degrece of voluntary }
1
‘
control over sleep than the 169 napper subjects in the large
jucstionnaire sample. There were also some minor d.ffercncuos

b tween appetitive and replacement nappers compared to the 12 non-




nappers. For example, among the appetitive nappers who slept 1n the
lab there was a significant tendency for them to sle~p morc ofte. on
rlane trips and at a play or the theater than non-nappers (p < 05
< .002) 1espectively, though this was not true in the larger sample.
Simtlarly, replacement nappers differed from the non-nappers
(althougn they had not done so before) while reading « book {(p < .01),
Wil at o movie (p < .002), and after a good meal {p < .03). The
tendency tor the appetitive nappers to fall asleep 11 response 1o
stross was miueh more pronounced than it had been in the large:
sample (p < .001; p< .05; respectively compared with non-nappers
and roplacement nappers).

Thus, it would scem that the selection criteria resulted 1n
s hjects who did not differ appreciably from subjec:s intne large
ottat guestionnaire sample, except for thoeir tendeney 1o rospd adg
somowhat more extremely on miany of the important (uestionna .

vartabloos,

8Soven subiects had to be dropped from the study cithe:
because they had radically changed their napping patterns or
tfrequency between the completion of the yuestionnaire and ine
subject’s sleeping in the laboratory (which ranged from about onc

week to 7 months), because the experimenter was unable to cateuorize

the subject with confidence, or because of difficulties 1n scoring the

EEG 1ecord.

~
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9Three subjucts were classified as appetitive aavpers Dy the
judae toat as replacement nappers on the basis of the guestionnarr.
response. In each instance the judge indicated that therc ware
overtones of both kinds of napping behavior in these subjects and !.:s
confidence rating was low, Most interesting was the group of 9
suvjects who were categorized as appetitive nappers by the question-
naire, bat who were rated as replacement nappers by the blind judge.
Most of these subjects were rated with less confidence than either
of the twc napper groups that were included in the study (p< .10).
Comments indicating the judge's confusion about the appropriate
grouping, such as: "witnh strong appetitive overtones," "at first
fairly sure replacement napper, but as she talked a lot, had sircna
appetitive overtones--almost convinced me to change but stuck o
first :mpression" were recorded for 6 of these 9 subjects whercas
such ~omments occurred with only 2 of the 21 napper subjects whnerc
the judge's vating agreed with the questionnaire categorization
(p< . 005). The agreement between the judge's ratings and thic
questionnaire cateqorization thus varied from very high for the
non-nappers, fairly good for replacement nappers, toelatively ool
for appctitive nappers. We do not believe that the rusults for the
appetitive nappers merely reflcct the low reliability of questionnaire
categorization since the 9 subjects categorized correctly by the judac

turned out 1o bo very different physiologically from the other appetitive




Sanpers.  Wo otaspeot that Lis group represents o spocial subsamp!:

of nappois, tor oaature of which is likely to boe ciarified in futire wor':,

lo’TheSc 11 uppetitive and 10 replacement nappers did not, @

»maost part, diffoc from thic 169 qualified aappers ominated by .
sidnaaire from which they were selcected. Apratitrve nappers
viocabiy eport they nap significantly more frequeitly tnan ~he
¢osacement nappers (19.3 and 12.9 times per monh, respectiveln:

©o 2,76 < .02). Appetitive nappers werc mo:., Loty ta L0

coodd nay every day, and that they would like o oo apnle o aa.

daiiv {(p < .05), Although both groups were . apabic of coatroll g

the onset of sleep voluntarily in several unusual circumstances,

avpetitive nappers were significantly more able to fall asleep during

a viay or movie than replacement nappers (t = 2.65; p< .02) and ;

weore more able to fall asloer 1y response (o stress than replacoement 1

vtopers (2,08, p< L03). They were also able to fall asleep more !

veadily at nrght (p< .02). Replacement nappers report that they

are o -ss hkely to nap if th 'y have had a regular previous night's

zleep than nppetiiive nappers (t = 3.19; p< .001). Similarly, {‘
I

they report tha: *hr nap is significantly more satisfactory if they
have received osa sleep than usual on the previous night {t = 3.04;
p < .001). Inaencral, the small selected samples b .haved in much \

the same mannor as the similarly responding subjects in the larger

swamples, somotimes responding a hittle bit more so0.




|
17
'yszards involved in interpreting small sample correlations
are noted: while a two-tailed 10 percent significance level was
ternen into consideration, internal consistencies in the data werc
sought (though not always reported throughout) .
1211 order to test the possibility that varniability rather o.an
1
averag.. patierns characterized the subg, »aps, the standara 3
doviatror over “he 15 days for each subject on each of severa, verian. s
A
wan alse usea s g neaningful score characternizing the subjents! k
performance and sleon habit variability. In gensral, this varnabilir:
score on cach question did not produce any intercsting difference. '!
botween groups, and need not be discussed further. "
Fsa mocn commpleox set of analyses is reguired to uivave: o {
cunsequencas i naoring for habitual nappers. It is neceszary 1o 3
compare theaw o pocsc . 01 “hose nights which preceded or followe a

a nap compared v ithese responses whhon preceded or fo lowed a
day on which ne aap ocowved.  Such arn analysis s, of course, based
on the variable numbor of aays tor each subject. For some subjects

mean ratings in any one of these four categories are based on

relatively few days. Tn the preliminary data reported (the detailed
analysis has not been completed) a subject's averaged response for

any of these four contingencies was excluded if there were not at

least throe snch occasions to be avoeraged.,
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APPENDIX

Survey of Subjective Sleep Patterns (Napping Questionnaire)
Section 11 (non-nappers)

......................

Section III (DEPPErs) ...t iin i i e

Patterns of Sleep Questionnaire Form SD: Sleep Diary
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Unit for Experimental Psychiatry

Institute of the Pennsylvania A-:
Hospital
@ by Frederick J. Evans, 1973 UEP:72SS8SP

Survey of Subjective Sleep Patterns

Name: Date: / /
first middle last

Date of Birth: Sex: Class:

Address: Phone:

People vary greatly in their patterns of sleep and in their preferred times
for sleeping. We are interested in obtaining data on various patterns of night-
time sleep and also on the frequency of ability to sleep during the daytime. We
would very much appreciate your cooperation in giving us information on how '

you sleep, when you sleep, and how deeply you sleep, by filling in this
questionnaire,

Please answer each question by checking the appropriate description of
the frequency of occurrence or by filling in the blanks on the questions which
have them. There is room for general comments at the end of the questionnaire.
Please answer every question.

1. How many hours of sleep did you have last night?

2. During the past year, how many hours of sleep have you
regularly had ?

3. How many hours of sleep would you like to have each night?
4, How many hours of sleep do you feel you need each night? .j

5. Do you sleep as deeply as you would like? Yes No

. When you first wake up, do you typically feel slowand lethargic? (Yes

No____)ordo you typically feel refreshed and ready to go? (Yes No )
7. Did you sleep well last night? Yes No
8. Do you usually sleep well? Yes No
9. Could you go to sleep now if you had the time? Yes No




1G. Sometimes what people do before falling asleep iriluences how well they
sleep. Some people count sheep, others unwind by reading a science
fiction novel before turning off the light. Some people like a hot drink,
but this would be considered most undesirable by others. While many
of us brush our teeth before retiring, others may look under the bed.

Describe briefly those activities you typicaliy complete vefore falling asleep

which you teel help you to sleep well,

11, People describe many personal preferences about the conditions under which
they sleep best {¢.g., some people cannot sleep with a fan bicwing on
them, others feel they cannot sleep unless they are close to an ~pen '
window) . |

List as specifically as you can three special conditions which are 1o
likely to help you sleep well:

w
-

L, 2. 3.

List three conditions you sometimes encounter unde: which you have 2 great
deal of difficulty sleeping well:

re 2. B P
! Last mght | Usually
12 . Indicate the appropriate times when: Hour am/pm | Hour am /.~
e ———— Y —4 i -

- i
a. You felt very sleepy '

b. You went to bed

c. You fell asleep

e et

d. You woke up during the night

e. You woke up in the morning

f. You got out of bed




A= 3 .

} | Some - e |

!

Always | Usually| times  Rarcly | Neve; ‘

| :

13. Do you fall asleep: ' 1

a. On long car trips
b. While reading a book :
+ — -
| J |
c. While studying J
"r -—1}
d. During a play, at the theater f
— !
| | B
e. On plane or train trips ; .
‘ o

While watching a movie

-n
a

g. During lectures and speeches i

h, At times of stress i

i. While watching TV

—
j. After a particularly good meal 5
-
'
14. Do you sometimes feel that you : |
have slept too long? i :
15. Do you sometimes feel that you I ’
have not slept long enough? |
16. Do you walk in your sleep?
17. Do you talk in your sleep?
18. Do you find sleep satisfying? |
19. Do you have difficulty falling :
asleep at night? ,L~_.-___.1‘

20. Are you a deep sleeper?

21. Do you wake up during the night?

R U

22. Do you fall asleep readily?

— -4
23. Do you take catnaps during the r
day?




INSTRUCTIONS FOR _PART 7

The last question you answered read:
23. Do you take ~atnaps during the day?

Your answer to this question was: Aways
Usually
Scmetimaes
Rarely
Never

Like so many other things, some people nap regularly, and others
never take naps, while most people fall somewhere in between--napping on
occasions depending on a varlety of circumstances. We are interested in
studying some of the reasons why some people nap, but others do not, and
what are some of the characteristics which account for whether people nap.
The next part of this questionnaire is divided into two sealed sections, one
colored green, on pages 5 - 7, and one colored blue, on pages 8 - 11, You
should complete only one of the two sections, depending or your answer to
question 23 regarding napping.

(a) IF you answered question 23 either Rarely or Never findicating
that you rarely or never take catnaps), you should turn to the green Section II
on the next page (page 5), break the seal, and ccmplete it. Do not complete
the blue section beginning on page 8, and please do not break the seal on
the blue section. The information you are providing, together with what you
have already provided, is extremely important because it will be possihle
to determine whether there are differences in the patterns of sleep of those
who rarely or never nap compared to those who do nap on at least some
occasions,

(b) IF you answered question 23 either Always, Usually or Some-
times, indicating that you catnap at least sometimes, you should turn to the
blue Section III on page 8, break the seal, and complete it. Do not complete
the green section on page 5, and please do not break the seal vn the green
Section II (pp. 5 - 7). By answering the following questions, we will learn
a great deal more about the characteristics of napping.

In summary, on the basis of your answer to question 23 about how
often you nap, determine whether you should complete Section II (green) or
Section III (blue). Complete the appropriate section, breaking only its seal.
DO NOT break the seal of the section you do not have to complete.
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Break the seal and continue only if you answered Question 23
either “Rarely" or "Never" (indicating you tend not to take catnaps).
{ Otherwise, if you do catnap, turn to the blue section (page 8). J




Section 11

A-C.

1. Listed below are several reasons why a person may rarely or never nap.
Please check each reason on the five point scale:
quite definitely applies to you; 1 indicating the reason is largely irrelevant.

m.

5 indicating the reasun

Definitely Irrelevant

No time available
Napping is an unpleasant experience
I do not have any need to nap ...
Napping interferes vith my work (studying)

Napping interferes with my leisure
entertainment .

s 00 0 s 40 e I R R R A I )

I would not be able to fall asleep , ...

I would not feel any better after napping ...

I would not feel any less tired after napping

If I napped, ! would not be able to sleep
well at night

LR R R R N R R A N R ) e

I already get enough sleep, so do not
need tONAP cevvvveensns et et

Napping produces unpleasant physical
aftereffects ...... e sen

Napping produces unpleasant mental
aftereffects ........ e i e e es e e

Resting without falling asleep is more
beneficial .,

-------- PRI I SR R B R I I I

Napping is a sign of laziness ,..........

Other reasons (specify)

Applies
5 4 3 2 1

2. .Which, in order of importance, of the above reasons, are your main reasons
for not napping? 1 2

Which of the above reasons are least important?

2

3

3

g

1




3. Was there a period of time when you did take naps at least sometin.es ?
Yes No When?

4, Hr jam/pm

a. What time of the day do you usually feel most alert and awake ?

-

b. What time of the day do you usually feel most tired and sleepy?~

c. What time of the day do you feel you work most efficiently ?

d. What time of the 24 hour day would you most prefer to go to i

sleep? T N

5. Under what ideal conditions would you be most likely to nap 7

6. What do you think are the main differences between naps and regular sleep?

7. In what other ways do you think a person who regularly naps might differ
from a person who never naps?

8. In our attempts to explore the characteristics of napping and nonnapping
behavior, we have undoubtedly failed to mention several aspects of
your own behavior and thoughts about the topic. Any - ther comments
that you feel might be relevant would be extremely valuable to us.

e e




a

Break the seal and continue gnly if you answered Question 23

either "Always, " "Usually” or "Sometimes " (indicating you do take

catnaps on at least some occasions).
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Section III
1. How uften do you take naps? !' l per month of per week
2. When did you last nap? Day Time from: until:

SRS
Hr. {am/.m’

3. What time of the day do you prefer to nap?

4., What time of the day do you least like to nap?

5. What time of the day do you feel most tired and sleepy? l

6. What time of the day do you feel most alert and awake?

7. What time of the day do you feel you work most efficiently ? | ’

b b
Hrs .| Mn.i
H t
t. How long would the ideal nap last for you? !
€. What is the longest period of time you nap? t
10. What is the shortest period of time you nap? l
—
11. When napping, how long does it take to fall asleep?
12. When you do nap, how long does it typically last? I !
i
t3. How long after you awaken in the morning does it take !
before you are ready to take a nap? !
I
14. How long before you plan to go to bed for the night would
be the minimum time you would plan not to take a nap?

15. Check which of the following alternatives you think you
would prefer:

f. A regular (8 hours or so) continuous night's sleep

i1, Several short naps throughout the 24 hour day
when you felt tired.




16.

17.

18.

19,

20.

21.

22,

23,

24.

26.

27,

28.

Could you fall asleep and nap every
day if you had the time?

Would you like to be able to nap
regularly in the daytime?

Do you find that naps are generally
very satisfying?

Do most of your naps occur "acci-
dentally"” or involuntarily (e.g.,
while reading, watching TV, etc)?

Do you voluntarily like to nap when
you have the time?

Would you like to have the chance
to nap more often than you do?

Do you awaken from a nap feeling
more weary and tired than when
you fell asleep?

Does napping improve your ability
to work (at a task, study, etc.)
when you awaken?

Does napping improve your ability
to concentrate after you awaken?

Are you less likely to nap if you
got a regular night's sleep the
previous night?

Is a nap more satisfying if you re-
celived less than a regular
night's sleep the night before?

Do you nap even when you do not
feel very tired?

Could you nap almost any time
during daytime hours ?

A-106.

Defi-~
nitely
YES

Pos-~
sibly
YES

Pos-
sibly
NO

Defx?
nitely
NO




29. What are the conditions under which you are most likely to nap?

30. Do you sometimes feel that a nap was not very refreshing, and that
perhaps you wish you had not napped ? If Yes, what is
it about the circumstances that leads you to think so; why do you
think some naps are like this?

31, What do you find are the main differences between regular sleep
and naps?

32. In our attempts to explore the nature of napping, we have undoubtedly
failed to mention several aspects of your own napping behavior.
Any other comments that are relevant to naps that you take would
be extremely valuable for us.

ra
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Ui'P:34-PAS-ii+

3 Foim SD: Sleep Diary

H Nar:: Day:
First Middle Last
Date: / / Time of day:
hour a.m. orp.m.”
Instructions:

! People vary greatly in their patterns of sleep and in their preferred
times for sleeping. We are interested in obtaining data on various pattemns
of nighttime sleep and also on the frequency of the ability to sleep during the )
daytime. You have previously completed a questionnaire regarding your ‘
general sleep patterns and we would very much appreciate your cooperation
in givinag us further information regarding how you slept last night by filling
in this questionnaire.

For consistency of the data it would be helpful if you could complete
the diary as soon after getting up in the morning as possible. Most people
find that keeping the sleep diary on a small table or chair close to the bed
aids in reminding them to answer the sleep diary questions upon arising for
the day.

Please answer each question by checking the appropriate description
of the frequency of occurmrence or by filling in the blanks on the questions
which have them. There is room for general comments near the end of the
questionnaire. Please answer every question.

1. How slcepy are you now?
very sleepy drowsy normally tired for this time of day

in a normal wake state _wide awake, too awake to sleep

2. Did you sleep well last night?

3. How deeply did you sleep last night?

very lightly; very deeply;
as lightly as , as deeply as

-
L
L
L
.
-
-
-

I have ever 1 2 3 4 S 6 7 8 9 10 1 have ever
slept. slept.




A-13.

UEP:34-PAS-II+
-2~

4, What time did you wake up this moming?

hour a.m.orp.m.?
5. What time did you get up this moming?

hour a.m.orp.m.?
6. What time did you go to bed last night?

hour a.m.orp.m.?
7. Approximately what time did you go to sleep?

hour a.m. orp.m.?

8. About how long did it take you to fall asleep last night?

hours  minutes
9. a. Did you wake up during the night? :‘ yes D no b. How many
times ? c¢. Roughly how long each time?

10. a. Did you get up during the night”~ D yes D no
b. How long?

hours minutes

11, How many hours did you sleep last night? ¥

12. a. Did you dream last night~ E] yes D no b. If so, do ycu recall 1
the general content of any of the dreams ? D yes E no
13, Have you taken any medications in the past 12 hours (e.g., No-Doz,

Darvon, aspirin, cold pills, penicillin, Codeine, hayfever pills, ctc.)?
Please list:

14. Did you perform any special or any more than usual, physical exercise

yesterday--~ven if only for a short time? D ves D no If yes,
please describe briefly:

Time of Day: from to
hour a.m., orp.m.? hour a.m. orp.m.?

15. Did you corcentrate especially hard, or more than usual, on any special
task ye iay? || ves _L] no If yes, please describe the task briefly: ,

i a. Whern yesterday did you feel most tired ?

hour a.m. orp.m.?

i~ - $1{ the tiredness last? ;
hours minutes i'

“1.. m oring, afternoon and evening separately, please »

i vvely what time v, felt tiredest, and how long the It

!

Afterr, .r, Evening




17.

18,

20.

21,

22.

23.

24,

A
UEP:34-PAS -1I+

_3_
At any time yesterday did you have the impression that you were "fighting
off" sleep orthat your eyes kept closing "against your will"? I_____lyes D no

b. If yes, approximately when?

hour a.m. or p.m.?
a. At anytime yesterday, were you ever sotired that you had difficulty con-
centrating on atask which you were trying to accomplish? E yes l_—:l no

b. If yes, from: : to

a.m.orp.m.?

Please describe briefly the task:

a. Did you take any naps yesterday? b. 1f so, how many?

c. How long? from : to :
a.m.orp.m.? a.m.orp.m.?

d. How did you feel when you got up?

e. Was the nap a good one? |__ yes i___: no

During what time period yesterday did you feel the most awake?

from: : to

a.m.orp.m.”

Approximately how many hours yesterday were you

in classes studying at work
% hours # hours 4 hours

other tasks or activities requiring concentration_

please specify briefly & hour:

Additional comments regarding your sleep last night or about your wake-
fulness or drowsiness yesterday.

How sleepy are you right now?

wide awake; the need for

ggs?luttely no | ) X ) R . .  sleep is 3ver-
ls re to 2 3 3 5 6 7 8 ) whelming; sleep

sieep or rest {s unavoidable

Could you go to sleep now if you had the time? D yes D no

P
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